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A NOTE ON SOME TECHNIQUES OF OBTAINING GENETIC 
SEGREGATION IN APOMICTIC STRAINS OF THE 
GUAYULE RUBBER PLANT 


REED C. ROLLINS anp D. G. CATCHESIDE 
Gray Herbarium, Harvard University, Cambridge, Mass., and Cambridge 
University, Cambridge, England 


Received October 24, 1950 


U P to the present, the most successful strains of guayule (Parthenium ar- 
gentatum) in cultivation for rubber production have been facultatively 
apomictic. That is, plants of these strains produce seeds without the usual 
fertilization process taking place. The chromosome number is maintained the 
same from parent to offspring because the usual reduction of chromosomes 
preceding egg-cell formation does not take place. Thus, when apomixis is 
strictly operative in these plants, the egg-cell is never fertilized by a sperm 
nucleus, but the chromosome number remains unaltered from generation to 
generation. Under this arrangement, no opportunity is afforded for the ge- 
netic differentiation that ordinarily occurs in plants when seed is produced. 
The offspring are genetically and phenotypically like the mother plant. 

The genetic stability, over an indefinite number of generations of a given 
apomictic strain, has certain advantages. In general, its purity is assured and 
simply maintained. To have the ultimately superior strain of guayule also 
apomictic is a goal worthy of considerable effort. The problem is to develop 
this superior strain, without at the same time losing apomixis, for the usual 
breeding methods are based on the use of the antithetic sexual process. The 
problem then is to release the genetic potential of the apomictic strains with- 
out losing apomixis by the procedures followed. 

Certain known features of guayule open several possibilities of bringing 
about genetic segregation in the apomictic types. Since both sexual and apo- 
mictic strains occur, the most obvious method is to cross these using the 
sexual strains to receive the pollen. So far as is known, meiosis occurs quite 
normally preceding pollen production in the apomictic plants, that is as 
normally as in most polyploid plants, so that full genetic segregation is 
achieved. However, where apomictic and sexual types have been crossed, the 
first and second generation progeny plants are mostly sexual. Definitive re- 
sults are not available to show the ultimate possibilities of reestablishing 
apomixis, but under the most favorable circumstances it is certain to require 
a long breeding procedure. Another difficulty, encountered where the above 
method is used, stems from the tendency toward non-reduction of chromo- 
somes at megasporogenesis in the apomictic plants. Some genes involved in 
non-reduction are inevitably brought into the resulting progenies and even 
though we do not know how they operate specifically, they do complicate the 
reproductive process. Triploids become more frequent and incompatibilities 
appear to be increased. 
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Other ways in which genetic segregation and recombination could be 
achieved among apomictic plants rest on the fact that apomixis in guayule is 
not obligate. Apomictic strains differ in the amount of apomixis they show, 
varying from around 80 to over 95 percent. By crossing apomictic strains 
and utilizing the few percent of sexually produced offspring some progress 
might be made. One difficulty is that of recognizing these plants and of find- 
ing the rare improved one without an inordinate amount of work. Moreover, 
there are a number of complicating factors, which can best be understood if 
the salient features of the divergent types of embryo production (Esau 1946; 
Powers and Rotiins 1945) are summarized. In 72 chromosome apomictic 
strains of guayule a majority of the functional embryo sacs are formed with- 
out the megaspore mother cell having undergone reduction in chromosome 
number in the production of the megaspore. While the course of development 
in guayule shows that most unreduced megaspores are produced without any 
meiotic process, it appears that a few are produced following one meiotic di- 
vision, the first. Any crossing over in these would give the opportunity of at 
least a limited amount of recombination (Rotirns 1945). In a minority re- 
duction does occur, so that although the majority of the functional eggs are 
unreduced a minority are reduced and presumably genetic segregation will 
have occurred in their formation. Most eggs commence to produce an em- 
bryo, irrespective of whether pollination and the opportunity of fertilization 
has occurred. However, no apomictic embryos continue development unless 
fertilization of the primary endosperm nucleus occurs. While fertilization is 
necessary to initiate endosperm formation and thus support continued embryo 
development, fertilization of the egg is unnecessary and is indeed precluded 
in the majority of the embryo sacs by the precocious initiation of embryo de- 
velopment. As a result of non-fertilization of some of the reduced eggs, 
“haploid ” ? individuals arise. These are relatively uncommon presumably be- 
cause the “ haploids” have a rather low viability. 

The eggs may be fertilized in a minority of the embryo sacs and so form 
amphimict embryos. However, the majority of such embryos, whether from 
selfing or from a cross between apomict strains are “ triploid ” 1 with respect 
to their immediate parents. To the unreduced chromosome number found in 
the egg is added the reduced number from the pollen. Such “ triploids ” are 
most often aberrant and unpromising. There is usually also a small percent- 
age of the progeny of the cross that arises by fertilization of reduced eggs by 
sperms from reduced pollen grains. These plants offer some promise and may 
be utilized in a long range breeding program. 

In sum, then, the progeny of a 72 chromosome apomictic guayule is gen- 
erated in six ways giving four different types of progeny. Unreduced eggs 
formed purely vegetatively if unfertilized give rise to maternal 72 chromo- 
some plants; if fertilized they give rise to “ triploids ” which are recognizable 


1 The words “haploid” and “triploid” are used in quotation marks because while these 
plants are haploid or triploid with respect to their immediate parents, they are not haploid 
or triploid for the species, but rather diploid and hexaploid. 
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by morphological features. Unreduced eggs formed by ameiosis, in which the 
second meiotic division has been omitted, if unfertilized give rise to “ deviat- 
ing maternal” 72 chromosome plants; if fertilized they give rise to “ trip- 
loids.” Reduced eggs if unfertilized give rise to “ haploid” 36 chromosome 
plants; if fertilized they give rise to genetically different 72 chromosome 
plants. These 72 chromosome plants are the raw material for a selection 
program. At present, their potentialities are unknown and very little is known 
as to what the ultimate effects would be on apomixis and non-reduction if 
they were selected. Moreover, such plants are not only relatively rare in a 
given progeny, but are generally recognizable only if morphologically differ- 
ent from the maternal type and so are difficult to discover. 

A novel technique of obtaining numerous genetically different 72 chromo- 
some plants, and so of obtaining segregation in apomictic strains with the 
possibility of not losing their apomictic properties, appears promising. This 
technique utilizes the 36 chromosome “haploid” plants given by certain 72 
chromosome apomictic strains. These plants are recognizable by their smaller 
size, in all respects, though by no means all small narrow leaved aberrant 
plants in a progeny are “ haploid.” In these “ haploids,” it appears that all 
the functional eggs are unreduced. Chromosome behavior in megasporogenesis 
has not been studied, but in the pollen mother cells of the “ haploids” eigh- 
teen bivalents are formed very regularly and reduction is the rule, but the 
pollen is infertile. The chiasma frequency is slightly lower than in 36 chromo- 
some sexual guayule, namely 19.75 per cell, as compared with 21.44 per cell 
in the sexual plants. When a “haploid” was used as a female parent and 
pollinated by pollen from the original 72 chromosome parent, two types of 
plants were found in the progeny. Those of one kind were all like the mater- 
nal “haploid” in appearance and chromosome number, those of the other 
kind were vigorous and had 72 chromosomes. Evidently both arise from un- 
reduced eggs, the one from unfertilized eggs and the other from fertilized 
eggs. In the latter a reduced 36 chromosome number from the 72 chromosome 
pollen parent was added to the unreduced 36 chromosome number present in 
the egg cell. Each plant thus produced is likely to differ from the original 
apomictic strain. They are to be expected to show diversity in respect of ge- 
netic segregation that has occurred in the pollen parent. Further, different 
“ haploids ” may be expected to show different combining properties with the 
same pollen parent. Some “ haploids” may be expected to be relatively elite 
in that with any pollen parent they give more desirable progeny than do 
other “‘ haploids.” For selection purposes, the progenies may be tested for the 
various desirable qualities, including high rubber content, low resin and high 
apomixis. 

A comparison of rubber analyses of the small population available for test- 
ing is very interesting as table 1 shows. The 72 chromosome “ hybrid ” plants 
are considerably better in rubber content than the “haploid” sister plants 
and are also much better than 72 chromosome plants of variety 593 used as 
a standard of comparison. The plants sampled for the data of table 1 were 
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all planted at the same time and were grown in the field under approximately 
the same conditions. However, no attempt was made to control rigorously 
the environmental factors related to the growth of the plants. 

The data, which are unfortunately not very extensive, have been subjected 
to a ¢t test, the results of which are summarized in table 2. It is quite clear 
that the rubber content of the “ hybrids” is significantly higher than either 
the “ haploids ” or the variety 593 plants, which are not significantly different 
from one another. The resin contents of all are, on the other hand, not sig- 


TABLE 1 


Rubber and resin? data on guayule planted in experimental plots at 
Stanford University, April, 1945. 








Plant oi Somatic Date Rubber Resin 
number Origin chromosome sampled percent percent 
aumber 

Maternal ‘‘haploids’’ 

45-34-2 6879-17 36 Feb. 1949 5.45 5.84 
open pollinated 

45-34-4 6879-17 36 as " 6657 5.32 
open pollinated 

45-38-4 6879-17 x 42354-II 36 id si 4.62 5.43 

45-38-5 7 x i 36 = e 6.28 6.80 


Means 5.68 0.409 5.85 + 0.337 
""Hybrids”’ from **haploids”* 


45-38-1 6879-17 x 42354-II 72 Feb. 1949 9.03 6.50 
45-38-3 6 x 72 ees 6.39 6.83 
45-39-1 ses x 56 72 Feb. 1947 10.48 4.40 
45-39-2 ” x = 72 Feb. 1949 9.45 7.49 


Means 8.84 + 0.822 6.31 + 0.668 


Variety 593 maternals 


45-15-4 593-V x 43691-IV 72 Feb. 1949 6,12 5.98 
45-15-4 " x ‘a 72 Feb. 1947 6.40 5.62 
45-15-5 " x 7a 72 =. an 6.26 
45-15-11 " x “i 72 ae 5.10 


Means 6.36 + 0.464 5.74 + 0.250 





2 Analyses were provided from the Rubber Laboratory, Guayule Research Project, 
Division of Rubber Plant Investigations, United States Department of Agriculture, 
Salinas, California, 


nificantly different from one another. The-rubber and resin contents of the 
“hybrids,” derived from the “ haploids,” appear to be more variable than 
those of either of the other groups of plants, suggesting a diversity in geno- 
type arising from segregation in the plants used as pollen parents. Amongst 
the “ hybrid” group the rubber content of plant 45-38-3 and the resin con- 
tent of plant 45-39-1 are significantly lower at the 6 or 7 percent level than 
the respective means of the group. 

Considering all the plants as a single group, the mean rubber content per- 
cent is 6.958 + 0.521 and the mean resin content percent is 5.964 + 0.249. 
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Amongst the “hybrids” arising from the “ haploids,” plants 45-38-1, 45- 
39-1 and 45-39-2 have significantly higher rubber contents. Plant 45-39-1 
has in addition a significantly lower resin content making it even more desira- 
ble, while plant 45-39-2 has a significantly higher resin content which reduces 
its value. 

The data, even though meagre, are worth recording for the benefit of others 
who may be able to follow them up, since neither of the authors will be able 
to do so. The population sampled was not large enough to estimate the 
amount of segregation achieved. Indeed, the original cross of the “ haploid,” 
back to the plant from which it arose, was not designed to bring out this 
point. The incidental sampling of one “hybrid” (No. 45-39-1) in 1947, 
showed such a high rubber content that we were lead to sample the rest of 
the population for comparison. Why the rubber content showed such a re- 
markable increase in three of the “ hybrids” while the resin content showed 
much smaller changes, is not understandable from the data we have. It does 
not appear as though there is any particular correlation between rubber and 
resin contents. The results suggest that high rubber content tends to be re- 


TABLE 2 
t test of rubber and resin data on guayule recorded in Table 1. 








Rubber content Resin content 
Groups of p _ Differences t P Differences t P 
—— of means of means 

**Haploids’’ with 

**Hybeids’’ 3.16 + 0.92 3.44 0.01-0.02 0.46240.75 0.62 0.5-0.7 
**Hybrids’’ with 

Maternals 2.48 + 0.94 2.63 0.02-0.05 0.57 40.72 0.80 0.3-0.5 
**Haploids’’ with 

Maternals 0.68 + 0.62 1.10 0.3 -0.5 0.11 40.42 0.26 0.8-0.9 





cessive to low content. These conclusions are consistent with the results ob- 
tained from interspecific crosses between guayule and Parthenium stra- 
monium where the resin contents of 54 chromosome and 90 chromosome F, 
hybrids were 5.62 + 0.43 and 6.35 + 0.29 percent respectively, whereas the 
rubber contents were 2.18 + 0.39 and 4.61 + 0.32 percent for the same 
groups of plants (RoLLINs, CATCHESIDE and GERSTEL 1947). 

One cannot but be impressed by the great increase in rubber ¢ontent ob- 
tained by the latter method and further to speculate as to what results might 
be obtained if the “haploids” were crossed to unrelated 72 chromosome 
strains rather than to their own parent. It is also possible that particularly 
elite “haploids” could be selected capable of yielding, after outcrossing, 
apomicts combining many good qualities. 


SUMMARY 


Since the most successful strains of guayule, from an agricultural point of 
view, are largely apomictic in their seed production, the problem of releasing 
their genetic potential for breeding purposes without losing the apomictic 
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feature is a pertinent one. A method is described whereby 36 chromosome 
“haploid” plants given by certain 72 chromosome apomictic strains are 
utilized to achieve this objective. Results from rubber and resin analyses of 
a small progeny of 72 chromosome “hybrid” plants produced from 36 
chromosome “ haploids,” together with comparative materials, showed that 
genetic segregation did occur and that such a method may possibly be used to 
increase the rubber content of apomictic strains of guayule. 
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THE INCOMPATIBILITY FACTORS AND A RELATED GENE 
IN SCHIZOPHYLLUM COMMUNE}? 


HAIG P. PAPAZIAN 
Department of Botany, University of Chicago 


Received November 20, 1950 


HE genetic basis of incompatibility in the higher fungi was described 

for the first time by Knrep (1920) using the tetrapolar hymenomycete 
Schizophyllum commune. Subsequent work, in various countries, fully con- 
firmed KNIEp’s statement and extended its validity to numerous other 
basidiomycetes. This later work, however, though voluminous, added little 
fundamental new knowledge. It is only very recently, moreover, that the data 
obtained have been adequately analyzed and the deductions that can be drawn 
clearly summarized (WHITEHOUSE 1949a). 

The prevalence of multiple-allele heterothallism among plants as opposed 
to dioecious sex among animals is of interest and may be connected with the 
directional motility of animals which would tend to reduce the loss of overall 
fertility inherent in dioecious sex. Among plants multiple-allele heterothallism 
is widespread among two successful diversified groups: the angiosperms, and 
the basidiomycetes. WHITEHOUSE (1950a) has suggested, on extensive 
grounds, that the major factor in the evolution of the angiosperms was the 
appearance of multiple-allele heterothallism. He concludes that the character 
has arisen very seldom in evolutionary history. 

Whatever may be the origins of multiple-allele heterothallism, a gene with 
such a large number of equivalent alternate states as that controlling incom- 
patibility presents many interesting problems the solution of which will throw 
light on some of the fundamental aspects of physiological and evolutionary 
genetics. 

Compatibility in the tetrapolar hymenomycetes is controlled by series of 
multiple alleles at two unlinked loci. When two monokaryotic (haploid) my- 
celia having different alleles at both of these loci, meet, there is a mutual 
exchange of nuclei and both mycelia are dikaryotized. Dikaryotic mycelia pro- 
duce fruiting-bodies; nuclear fusion occurs in the young basidium, followed 
by reduction and the formation of four basidiospores. All fruiting-bodies are 
thus heterozygous at both loci and give rise to monokaryons of four different 
mating types. Pairs of monokaryons with the same alleles at one or at both 
loci are sterile but in S. commune it has recently been shown (PAPAZIAN 
1949, 1950c) that where the alleles are the same at-only one locus character- 
istic heterokaryons are formed. These heterokaryons have recognizable 
morphologies and they dikaryotize unilaterally ; they are capable of dikaryotiz- 
ing monokaryons of appropriate mating type but are never themselves di- 


1 This work was supported in part by a grant from the Dr. WALLACE C. AND CLARA 
A. Assott MEemoriAL Funp of the UNIversity oF CHICAGO. 
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karyotized. Heterokaryons in which the 4 factors are the same have been 
named Flat (F), and those with common B factors, Barrage (B). The vari- 
ous reactions which would be obtained by confronting the four incompatibility 
types from a single fruiting-body among themselves are shown in table 1. 




















TABLE 1 
Mating reactions in S. commune. 

er A} Bl A'B? aap A?B? 
A*B} - F B + 
A*B? F - + B 
A?B* B + ~ F 
A?B? + B F - 
+ = Dikaryon formed F = Flat (non-fertile heterokaryon) 
— = Overlap B = Barrage (non-fertile heterokaryon) 


An aberrant type of mycelium, Streak (s), which will be studied from a 
genetical point of view in the present paper has been described in detail in a 
previous publication (PAPpAzIAN 1950c). The only items which need be re- 
peated here are that Streak is a monokaryon and dikaryotizes unilaterally 
other monokaryons of compatible mating type. One of the most interesting 
features of Streak mycelia is their origin. Streak mycelia have never been 
found to arise spontaneously from wild type monokaryons but they can be 
very readily obtained from Flat cultures, especially after blending in a Waring 
Blendor (Papazian 1950c). 

Throughout the following account an unavoidable verbal inconsistency 
must be admitted. For the sake of clarity the 4 and B incompatibility factors 
are treated as corresponding to single genes or single loci, in spite of the fact 
that the conclusion is drawn that the 4 factor corresponds to at least two 
distinct genes. 


MATERIALS AND METHODS 


The cultures used in the present work were the same as those used in a 
previous publication (PAPAzIAN 1950c). The nomenclature is identical to that 
used previously. Mutant alleles, or possible mutant alleles, at the incom- 
patibility loci are symbolized by a and b corresponding to the A and B loci. 
They are distinguished among themselves by superscripts. 

Of three essentially new techniques.that were used, two, concerned with 
the isolation of tetrads and the production of fruiting-bodies from dikaryons, 
have been described elsewhere (Papazian 1950a, 1950b). The third new 
technique concerns the arialysis of monokaryons obtained from a fruiting-body 
whose genotype, as regards the incompatibility alleles, is known. The number 
of matings required in this technique is never more than half that required 
by other techniques in common usage and the work involved is thus greatly 
reduced. The monokaryons to be tested are each mated with two testers of 
appropriate mating type. Thus, if the fruiting-body had the constitution 
A'!A?B'B?, the spores from it would fall into the four classes A1B1, A?B?, 
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A'B?, A*B', and appropriate testers would be 4!B? and A*B!. The reactions 
of monokaryons of the various incompatibility types with these two testers 
would be: 


AB AB 
A1B} F B 
A?B? + + 
A*B? F + 
A?B} + B, 


This method suffers from the disadvantage that any mutants or abnormal 
behavior will not, in most cases, be recognized. 


CROSSES NOT INVOLVING STREAK 


The spores from three wild fruiting-bodies, XV(ad), XXV(mad), and 
I(arg) (collected from the Adirondack mountains, N. Y., Madison, Wisc., 
and the Argonne Forest Preserve, Ill., respectively), and from various fruit- 
ing-bodies grown in the laboratory from crosses between these stocks, were 
analyzed for mating type. These analyses were made primarily to obtain 
monokaryons of various mating types required for other experiments. The 
results of these analyses are shown in table 2. Except for the last item, no 
particular significance is attached to these results. They are recorded as evi- 
dence that no lethals or other factors that would seriously affect the results of 
further work, were present in the stocks; and as data to be compared, and 
added to, similar results of other workers. The last item in table 2 (fruiting- 


TABLE 2 
Distribution of mating types in wild and cultured fruiting-bodies. 











Fruiting body Origin of fruit. | Number Mating types 

XV(ad) Wild 8 1 A°B® 2 A*B* 4 A®B* 1 ASB 
XXV (mad) Wild 10 3 A3B* 3 A*B® 2 A®B* 2 A*B* 
I(arg) Wild 1l 6 A'Bt 1 A?B? 2 A*B? 2 AB? 
VII A'B* x A?B? 8 4 A'B 1 A?B? 1 A*B? 2 AB? 
XIV A‘B! x A®B? 9 2 A’B' 2 A®B® 2 A*B® 3 AB 
xXx A?B? x A’ B? 8 3 A7B? 2 A*B® 2 A*B> 1 AB? 
XXXI AB! x A‘B* 9 2 A'B' 3 A‘BS 2 A'B* 2 ASB 
XXXII A?B? x A‘B* 8 0 A?B? 4 A‘B* 3 A?B* 1 A‘B? 
XXXIII A®B® x A?B? 9 1 A®°BS® © A?B? 4 A*BS 4 AB? 
XXXVII (AB? x A‘B*) ll 1 A’B' 6 A?B? 2 A'B? 2 A*Bt 

x A?Bt 





body XXXVII) was obtained from a cross with a flat mycelium (hetero-. 
karyon with common A factors). The f; mycelia from this cross could not be 
distinguished from wild type monokaryons, which shows that none of the 
characteristics of Flat are hereditary. The fact that all four expected mating 
types are obtained shows that the fruit was not parthenogenetic but that the 
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appropriate nucleus of the Flat mycelium migrated into the mate and true 
dikaryotization took place. Some mutants, or possible mutants, which were ob- 
tained from crosses in table 1 will be described below and are omitted from 
the table. 


CROSSES WITH STREAK 


The genetics of Streak was studied by analysis of both random spores and 
tetrads of spores from crosses of wild type monokaryons. with Streak. The 
results of these two methods of analysis are recorded separately and they are 
pooled for calculation of linkage values. 


TABLE 3 


Random spores from crosses with Streak. 


=== eT 


- = . 











Fruit - Cross Streak Wild 





A'B' A?B? A*B* A7B' A'B* = A?B* «AB? OA? BY 











II A? B'+ x A'B?s 9 0 0 0 0 4 1 ¥ 
Ill A? B+ x A’B?s 4 0 4 0 2 0 0 0 
lV A? B?+ x AB's 1 2 4 1 2 3 0 2 
(F, from III) 
Vv A? B*+ x AB?s 5 1 4 2 2 4 0 7 
(F, from II) 
VI A? B*+ (single 4 Z 4 1 0 4 0 7 
hypha culture) 
x AlB’s 
XVII A?B'+x A'B?s 1 1 2 1 0 1 1 2 
(new Streak) 
VII A’ B'+ x A?B?s 2 5 0 6 5 2 5 0 
Total 26 11 18 11 11 18 7 25 
Total Streak = 66 Total parental (A & s) = 104 
Total wild = 61 Total non-parental = 23 





In all but two (fruiting-bodies XVII and XXIV) of the crosses with 
Streak, the Streak culture used was derived from an old original isolate 
obtained before the regular occurrence of Streak under appropriate condi- 
tions was suspected. This original Streak was obtained incidentally during 
the course of some early experiments in which the monokaryons A‘B! and 
A'B*, separately cultured in liquid media, were blended and plated out in 
large Petri dishes. These cultures were then irradiated with ultra-violet light 
of wave-length 2,537 A for a dosage of 500-1000 ergs/mm?. The aim was to 
obtain mutant A factors since it was thought that any such mutation would 
lead to rapid dikaryotization of the whole culture. The results were all nega- 
tive as regards their primary objective and, in view of the properties of Flat, 
the validity of the technique is questionable. That the irradiation was irrele- 
vant to the genetic properties of the Streak obtained follows from a compari- 
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son of the results from fruits XVII (random spores table 3) and XXIV 
(tetrads table 4) with those from other fruits. 

The mating types of 127 mycelia, isolated as random spores from crosses 
with Streak are shown in table 3. Fruiting-body II, the first fruit analyzed, 
gave peculiar ratios and it was partly on this account that other, different, 
crosses were made and that tetrads were analyzed. The complete data show 
conclusively that Streak segregates in a normal Mendelian manner, inde- 
pendently of the B factor but linked to the 4 factor. 

The numbers of different types of tetrads isolated from fruits of matings 
with Streak are given in table 4. In order to incorporate the results of dif- 
ferent crosses into one table the allelic constitution of the members of each 
kind of tetrad has not been entered. Instead, classes of tetrads have been 
designated in a generalized,form from which the allelic constitution of each 














TABLE 4 
Tetrads from crosses with Streak. 

Loci Classes of tetrads* 

A&B 2-P 2-P 2-P 2-N 2-N 2-N 4- 4- 4- 4- 4 

A&s 2-P 2N 4- 2P 2N 4 2P 2-N 4- 4- 4 

Bas 2-P 2-N 4- 2N 2P 4- 4- 4- 2P 2-N 4- 

Fruit Cross 

XXXIV A'B?s x A?B*+ 0 0 2 0 0 1 0 0 0 e. 4 
XXXV A'B?s x A?B*+ 0 0 0 1 0 0 2 1 1 0 1 
XXIV A'B’s x A?7B4+ 30 0 1 0 0 1 5 0 2 0 O 
xX A?B*s x A’B*+ 1 0 0 0 0 0 2 0 0 0 =#«(—O 
XXXVIII a*B*s xa7B'+ 0 0 1 0 0 0 3 0 0 0 Oo 
XXXIX a®B*s x a@’B'+ 2 0 0 0 0 3 0 0 . « 





* 2-P = Two type parental 
2-N = Two type non-parental 
4- = Four type. 


spore can readily be obtained for any particular cross. Thus in the first cross, 
A'B?s x A?B14, the class which is 2-type parental as regards the A and B 
factors, and 4-type as regards A & s, and B & s, includes tetrads of the con- 
stitution 41B%s, 41B2+, A2B1s, A?B44+. It will be noted that only 11 classes 
are entered although there are 12 possible kinds of tetrads. This is because 
the last class, which is 4-type for all three pairs of factors, includes tetrads 
of two kinds. In the case of the first cross, A1B?s x A?B14, for example, the 
two kinds are: 41B1s, A?B2s, A1B2+, A?B%4+; and A1B44, A*B*+, A'B?s, 
A*B's, The distinction is one of chromatid segregation and is irrelevant to 
the present purpose. In eight cases only three mycelia were available for 
analysis, the fourth having failed to germinate or having been lost; the geno- 
type of the missing sport was inferred in each case. 

In the following calculations the results from fruiting-bodies XX XVIII 
and XXXIX in table 4 will be omitted. These fruiting-bodies were obtained 
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from crosses between “ mutants” and it will be shown that the data from 
them cannot be considered homogeneous with the data from the other fruit- 
ing-bodies. 

Summing the results from random spores and tetrads we get: 


Parental Non-parental P. on a 1:1 hypothesis 
A&B 111 104 55% 
B&s 110 105 68% 
A&s 168 47 0.005% 


From the results of the tetrad analyses it can be concluded that Streak segre- 
gates in a 1:1 ratio and since the ratio of Streak to wild type among random 
spores did not differ significantly from 1:1, no lethality is associated with 
Streak. 

The map distance between A and s, on the basis of the combined data, is 
47/215 = 22 units. 

Further analysis of the tetrads shows the following: 


2-type 2-type non- 4-type 4-type 

parental parental %o~ 
A&B 4 3 15 68 
B&s 4 1 17 77 
A&s 11 1 10 


Only one 4-strand double crossover tetrad (2-N for A & s) was obtained 
out of the 33 tetrads analyzed. 
Now the frequency of 4-type tetrads as between any two unlinked genes is 
a function of the frequency of crossing over between each of these genes and 
the centromeres of their respective chromosomes. This function is given by 
T=a+b-3ab/2 (Perxins 1949, WHITEHOUSE 1949a), where a and b 
represent the frequencies of second division segregation, in other words half 
the cross over values, neglecting multiple cross-overs, of the two genes con- 
cerned, and T is the frequency of 4-type tetrads. 
Substituting the frequencies of 4-type tetrads for 4A and B, and for A and 
s we have 
A’ + B’— 3 A'B‘/2 = 0.68 
and s’+ B’ —3s'B’/2 = 0.77, 


where A’, B’, and s’ represent the frequencies of second division segregation 
of the genes A, B, and s respectively. 

The crossover value between A and s is 22 percent, doubling this value 
and expressing it as a frequency it is clear that either A’ +s’ = 0.44, or |A’- 
s’| = 0.44. 

Of the three sets of three simultaneous equations so obtained only one set, 
where A’ —s’ = 0.44 has an acceptable solution. The values obtained are A’ = 











INCOMPATIBILITY FACTORS 447 


0.59, B’ =0.8, and s’=0.15. The map distances of these three loci from the 
centromeres are therefore, according to these calculations, as follows: 
s A B 
tg ' anne T 
30 











40 





The general solutions to these equations are given in Appendix 1. Their sig- 
nificance should not be overestimated. Apart from the very small numbers 
available in the present case, the errors of the solutions to the equations be- 
come greatly magnified in certain areas. Only in the case of the linkage value 
can double crossovers be included, they can be estimated, in this case, from 
the frequency of 2-N tetrads for the two linked genes (see PERKINS 1949). 

To these tentative chromosome maps of Schizophyllum the locus “ Knauel- 
Fruchtkorper ” controlling a recessive, dikaryon, character (ZATTLER 1924), 
can be added on the remaining, third (ErticH and McDonovucu 1949) 
chromosome. 

From fruiting-bodies XX XVIII and XXXIX the proportion of crossovers 
between A and s is 2/53 (tetrads and unpublished random spores). From 
the rest of the data the proportion is 47/215. This represents a discrepancy 
from homogeneity significant between the levels 0.01 and 0.001. 


MUTATION OF THE INCOMPATIBILITY ALLELES 


Over a period of two years about 400 spores have been isolated and tested 
for mating type. Of these about 100 were isolated in tetrads. Another 100 
were tested by the use of only two testers, a method, described in an earlier 
section, which does not enable mutants to be detected. 

Among the 300 spores in which mutants would have been detected, nine 
possible mutant J alleles and one possible mutant B allele were obtained. The 
term “ possible mutant,” as used here, indicates that the isolate dikaryotized 
testers having both A or B alleles, a phenomenon which would, no doubt, be 
classed as “ illegitimate dikaryotization”’ by many authorities. Apart from 
any genétic evidence this possibility can be ruled out, in the present case, for 
two reasons. In the first place the behavior of pairs of mycelia with common 
A, and also with common B, factors is known, and contradicts the idea of 
“ illegitimate dikaryotization ”; and secondly, the clamp-connections in these 
exceptional matings did not differ from those found in other dikaryons. 
“ Pseudo-clamps ” are,. indeed, found in Schizophyllum, but they do not ap- 
pear to be of any special significance. 

Some of the ten possible mutants were analyzed further: a’, a?, a’, a’, and 
b! were each mated with 4!, A?, A, At, A5, and A®; and a!, a?, a’, and a8, 
were mated among themselves in all combinations. Only two identities a’ = a’, 
and a? = a®, were discovered as a result of these matings. Since these cultures 
differed in mating type from all the stock cultures in the laboratory up to that 
time, the possibility of contamination can be eliminated, furthermore a’ and 
a® were isolated in a tetrad. 
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Normal fruiting-bodies were obtained from the possible mutants a’, a?, a®, 
a’, a§, and 5! in matings with both of the testers that each dikaryotized. 

Several fg mycelia from crosses involving a', a®, a’, and a®, and fs mycelia 
from crosses involving a', a’, and a’, were analyzed. In each case the possible 
mutants were recovered and they segregated in a normal Mendelian manner. 
It is concluded that a!, a®, a7, and a® are inherited as true mutant alleles with 
the reservation that the possibility of contamination has not been eliminated 
in the case of a®. It can be assumed that some, if not all, of the other possible 
mutants are also inherited as true mutant alleles. 

The mutant alleles a’, and a®, identical in mating characteristics with a!, and 
a’, respectively, are of special interest. They were obtained from the fruiting- 
body XXXV (A?B1+ x A!B?s), and both appeared in the same tetrad, T39. 
Three of the spores in this tetrad had the following constitutions: T39! = 
A?B*+, T39? = a7B14, T39% = a§B?s. The fourth spore was either lost or was 
not produced, it would presumably have had the constitution A?B1s or AB's. 

Monokaryons with a’ and a® were crossed (fruiting-bodies XX XVIII and 
XXXIX, table 4) and from them, besides the 11 tetrads shown in table 4, 
one further tetrad, T53, was found to contain two possible mutants. The 
constitution of the four spores from T53 was: T53! = A!B!s, T53? = A?B*4, 
T538 = a8B1s, T53* = a’B?+. From another cross of a? and a8, this time be- 
tween the two non-Streak mycelia a*B* x a‘™B! four tetrads were analyzed. 
Three of these consisted of spores with the expected distributions of alleles, 
the fourth contained another possible mutant. One spore was missing from 
this fourth tetrad, the constitutions of the remaining three were: T62! = a7B?, 
T62? = a8B!, T62?= AB. Thus in both these cases the possible mutants 
from crossés of a* and a® proved to be the alleles 41 and A? which were the 
alleles present in the cross from which the “mutants” a* and a® were. ob- 
tained. The possibility of contamination in these cases is negligible owing to 
the technique used for tetrad isolation and also, in the case of T53, because 
of the fit of the B and s alleles in T531 and T53? with expectation. 

That the occurrence of these mutants in tetrads T39, T53, and T62, is 
evidence for crossing over within the 4 “gene” will be elaborated in the 
last section of this paper. Further evidence lies in the fact that the “ alleles ” 
a and a? were obtained from a cross of A? and A? (A'B*s x A?B1+) as were 
the “alleles” a’ and a’. 


SPONTANEOUS DIKARYON FORMATION 


In the course of the present work six mycelia, each believed to be a normal 
monokaryon, have produced clamp-connections and have given rise to fer- 
tile fruiting-bodies. Five of these were from the wild fruiting-body XV (ad) 
of constitution 4*4*B%B*, and thesixth was from XXXII (A?B? x A®B®). 

Of ten spores isolated from XV(ad) one (305) was found to have pro- 
duced clamp-connections when first examined, by which time it was about 
8 cm in diameter. Stock cultures 301, 307, 308, and 309, constituting the four 
mating types from this fruiting-body, were kept in duplicate, one set at room 
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temperature, and the other at 5°C. Within three weeks all four cultures at 
room temperature had clamp-connections and subsequently gave rise to ap- 
parently normal fruiting-bodies. 

Two of these cases of spontaneous dikaryon formation were further an- 
alyzed. The mycelium 305 was found, by the use of di-mon matings (see 
PAPAZIAN 1950c), to have the constitution 43b? + A‘4B*, and the spores from 
its fruit fell into the four classes A°B*, A*b?, A3b?, and A*B*. The apparently 
new allele b? was not further studied. The stock mycelium 301 which when 
first isolated was of mating type A*B* gave rise to spores of mating types 
A®B%, A*b’, A*B%, A%b3, The apparently new allele b? was found to be identi- 
cal in mating properties with B', an allele found in the wild fruiting bodies 
I(arg), and XXV(mad). Contamination in this case is ruled out since no 
mycelium or spore having the constitution AB1, or A*B1, had been available 
in the laboratory up to that time. Thus in both cases analyzed a new B fac- 


TABLE 5 


Analysis of mycelia and sectors {rom three spores of the aberrant tetrad T 20. 





A’B? A? Bt A B? A?Bt Constitution 











Dikaryotic sector T20° H H N N A’B? + A?B? 
T20? H H N N A'B* + A?B? 
T20° N N H H* A'B? + A?B* 
Streak mycelium T20: —/+ -/- —/+ -/- 2 
before appearance T20? —/+ mo —/+ -/- ? 
of sector T20 ~—/+ — —/+ -/- 2 
Streak mycelium T20* —/+ sos -/- -/- A?B? 
after appearance T20? —/+ he -/- -/- A? B? 
of sector T20° -/- -/- -/+ -b A*B* 





* H = Hemi-compatible di-mon 
N = Non-compatible di-mon (see PAPAZIAN 1950c) 


tor not present in the stock was found, but both 4 factors were identical with 
those present in the stock. This corresponds exactly to a similar case of spon- 
taneous dikaryon formation analyzed by Kniep (1929). 

One further, more complex, case of spontaneous diploidization is worthy 
of record. From the fruiting-body XX (A?B*s x A1B1+), besides three per- 
fectly regular, complete, tetrads, a fourth aberrant tetrad was isolated. This 
aberrant tetrad (T20) gave rise to three mycelia which appeared, initially, 
to be Streaks. Each exhibited, however, dikaryotizing properties that would 
be expected of a Flat mycelium of constitution A?B? x A?B'. Later each of 
the three cultures produced an apparently typical dikaryotic sector. Sub- 
cultures of the Streak and the dikaryotic portions of each of the three cul- 
tures remained constant. The analysis of their mating types is given in 
table 5. No fruiting-bodies could be obtained from the dikaryotic sectors or 
from mycelia diploidized by the “ Streak” sectors. No subsequent sectors 
appeared in the “Streak” cultures, although they were sub-cultured for 
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three successive transfers. No explanation for the aberrant behavior of the 
mycelia from T20 is offered. 


DISCUSSION 


The data described in the preceding sections present three main problems. 
The fact that Streak behaves as a single gene mutant raises the question of 
the control of unilateral dikaryon formation, a property common to both 
Streak, and Flat (heterokaryons with common A factors), and also the ques- 
tion of the origin of Streak mutants from Flat mycelia. The data concerning 
“mutant ” incompatibility factors suggests that the incompatibility factor is 
not governed by a single gene, as is commonly believed, but by two or more 
closely linked genes. These topics will be elaborated in turn. 

For Greis (1942) the significance of unilateral dikaryon formation lies 
in the support that it provides for HARTMANN’s (see 1943) theory of sex. 
It is proposed here to emphasize another aspect of unilateral dikaryon forma- 
tion, namely, as evidence that the immediate control of dikaryon formation 
must lie in the cytoplasm. Consider a mating such as A1B's x A?B*+. It is 
known that these two types of nuclei can exist together as.a dikaryon since 
they do so, regularly, in the A?B?+ mycelium. It is also known that the 4?B?+ 
nucleus is capable of migrating into another mycelium. That it does not, in 
fact, migrate, into the 41B1s mycelium and form a dikaryon almost certainly 
means that the A1B1s cytoplasm inhibits either the entry of the 4?B?+ nu- 
cleus, or its multiplication once it has entered. The results of experiments 
with Streak, and Flat (Papazran 1950c) indicate that in both cases it is the 
entry of the compatible nucleus that is inhibited. 

What light, if any, does the phenomenon of unilateral dikaryon formation 
throw on the nature of the incompatibility factors? There are insufficient data 
on which to found a theory but, following T. H. Huxley “. . . consecutive 
wrong-thinking is the next best thing to right thinking,” certain speculations 
may be excused. 

The first and least speculative postulate is that the incompatibility factors 
actuate some kind of “ trigger”’ mechanism while the fundamental factors 
controlling the processes leading to the formation of a fruiting-body are 
associated with other genes. This is likely on general grounds and is sup- 
ported by the fact that monokaryons do sometimes produce fruiting-bodies 
parthenogenetically which are normal except that they produce basidiospores 
of only one mating type (KNrep 1928). It seems likely, furthermore, that 
the contributions of the A and B factors differ only in degree, at least in 
Schizophyllum (but see Futton 1950), since the similarity between Flat and 
the barrage region in morphology and physiologically is quite apparent. Let 
it be assumed then, that the “ trigger” mechanism is released by a reaction 
between two complementary substances, one of which is associated with the 
nucleus, the other with the cytoplasm. Thus, whenever the nucleus of a my- 
celium comes into contact with the cytoplasm of a different, compatible, my- 
celium, this reaction takes place. Both nuclear and cytoplasmic substances 
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must be considered to be ultimately under genic control. Unilateral dikaryon 
formation would result from a failure of the reaction to take place in one 
of the mycelia. This failure might be due to a genic deficiency, resulting in 
a lack of the cytoplasmic substance, or it might be due to the previous occur- 
rence of a similar reaction in the mycelium with consequent depletion of the 
cyteplasmic substance. The first of these possibilities would account for the 
behavior of Streak, and the second would account for the behavior of Flat. 

An analogy for such a scheme can be found in the agglutination reactions 
of the red corpuscles of a person in the serum of a different individual and 
in the fixation of a third substance (vide inhibitor) in antigen-antibody re- 
actions. 

The formation of heterokaryons such as Flat would represent a partial 
reaction, allowing the entry and multiplication of nuclei but not conjugate 
nuclear division, clamp-connection formation, and the formation of fruiting- 
bodies. 

It is of interest that in those species of ascomycetes which have sexual 
organs, heterokaryosis takes place between mycelia of similar mating type 
but not between compatible mycelia (WHITEHOUSE 1949b). Although there 
is some evidence that heterokaryons are not formed between mycelia of the 
same mating type in Schizophyllum, the underlying mechanism is probably 
quite different to that in the ascomycetes in which there are only two alterna- 
tive sexual types. 

The fundamental similarity between Streak and Flat is that they both di- 
karyotize unilaterally, and the fundamental difference between them is that 
in the one case this character is hereditary and in the other it is not. Before 
discussing the origin of Streak from Flat it is useful to review the studies of 
QUINTANILHA (1938, 1940) on certain dwarf mycelia of Coprinus fimetarius. 
These dwarf mycelia all dikaryotized unilaterally and they never showed 
clamp-conections or fruited. The interesting feature of these dwarfs in the 
present connection is that in some of them the character was hereditary and 
in some others it was not. Thus in a mating 4A’B? x A*B? (Abxab in the 
original. nomenclature), nearly all of the progeny were dwarfs and non-fertile ; 
one spore, however, was wild type and proved to have a mutant 4 allele. 
This mutant was mated with a monokaryon A?B! and the resulting fruit gave 
rise to wild types and dwarfs. In the latter the dwarf character was not asso- 
ciated with any particular mating type. Dwarf x dwarf matings were sterile 
but dwarfxwild type matings gave rise to normal fruiting-bodies whose 
spores were all wild type. The dwarf character in this case was, therefore, 
not hereditary. In his later studies QuINTANILHA (1940) obtained 200 
tetrads of basidiospores, from a certain fruiting-body, of which 100 proved 
to be composed of 2 dwarfs+2 wild type. The remaining 100 tetrads had 
various lethals. The dwarf character was again independent of mating type 
but the character was in this case hereditary. 

In any attempt to account for the origin of Streak from Flat, three possi- 
bilities have to be considered. Firstly, the spontaneous mutation rate to Streak 
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under any conditions may ensure that Streak nuclei are present in all mono- 
karyons, and the special conditions under which Streak mycelia appear may 
act selectively ; secondly, these special conditions may act as a general muta- 
genic agent, selection being of little or no import; the third possibility is that 
the special conditions induce a directed mutation to Streak. Further experi- 
ments are in progress to distinguish among these alternatives; from the pres- 
ent data, however, some theoretical possibilities can be evaluated. 

No direct estimate of the frequency of spontaneous mutation to Streak can 
be made on the basis of the small number of single-spore cultures that have 
been examined. In vegetative mycelia, where the number of nuclei is very 
large, mutations to Streak would only be discernible if the mutant nuclei 
multiplied and sectored out. It is known, however, that Streak is as viable, 
and grows at the same rate as, a wild monokaryon or dikaryon, therefore 
any Streak hyphae in such mycelia might be expected to develop into sectors 
which would be detected. It is unfortunate that Streak nuclei cannot, ap- 
parently, be introduced experimentally into Flat mycelia, dikaryons, or into 
monokaryons of their own mating type, since this would provide direct evi- 
dence on the ability of Streak nuclei to multiply and sector out in such 
mycelia. The difference in appearance between Streak growths in blends to 
which Streak nuclei have, and have not (Papazian 1950c), been deliberately 
added provides further evidence that Streak nuclei are not present before 
the blend is made. 

The evidence concerning a selective advantage of “ streak” in old cultures 
of Flat is contradictory. A selective disadvantage is indicated by the fact that 
Streak grows less rapidly than Flat in acid media which is the usual reaction 
of old cultures of Flat. That new growths of Streak do, in fact occur in old 
cultures in which growth of Flat has apparently ceased is evidence, on the 
contrary, that Streak has a selective advantage. 

In general the present limited data indicate that the mutant Streak nuclei 
are not present before the blending of Flat and the most plausible explana- 
tions to account for the origin of new growths of Streak are: that an old Flat 
culture acts as a general mutagenic agent and that these conditions also offer 
a selective advantage for Streak over other mutants, or that the special condi- 
tions induce a directed mutation to Streak. 

The level at which selection may be operative is a central problem in the 
analysis of the origin of Streak. The idea of selection operating at the nuclear 
level is not new (PoNTEcoRVO 1946) but it is pertinent to consider the ex- 
treme limits at which selection may be effective. Most superficially selection 
might be effective in preventing or favoring the formation of sectors, 7.e., a 
certain percentage of nuclei in all mycelia are Streak, and these multiply at 
a rate comparable to that of wild type nuclei, but they do not sector out unless 
the special conditions are operative. Alternatively, there may be a certain 
spontaneous mutation rate to Streak in all mycelia but the mutant nuclei mul- 
tiply at a very low rate, or not at all, unless the special conditions are opera- 
tive. If the stage at which selection acts be still earlier, one can imagine the 
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mutant nuclei dying as soon as they are formed. Although a theoretical dis- 
tinction can still be made between the situation in which a gene mutates but is 
immediately eliminated and that in which the gene does not mutate, the tech- 
nical difficulties involved in making a practical distinction may prove very 
exacting. This difficulty should not be confused with the difficulty of distin- 
guishing between induced mutation and selection in bacterial “ adaptation ” 
discussed by JAcKson and HinsHELWoop (1950). 

The frequency with which mutation of the incompatibility alleles takes place 
is a matter of considerable interest. As a result of his studies on S. commune, 
Kniep (1928) put forward the opinion that mutation occurs frequently dur- 
ing meiosis but only rarely in vegetative mycelia, that mutation to the same 
alleles occurs frequently, and that back mutations occur frequently. The pres- 
ent data generally support these contentions. The question of mutation rate in 
vegetative mycelia is difficult to assess. It can safely be assumed, however, 
that if a mutation of a B factor were to occur in a monokaryon, a Flat culture 
would result and would be detected. Similarly a mutation of the A factor 
would produce sectors of different mating types. Since neither of these events 
have been observed in the course of the present work, and in view of the 
relatively enormous number of nuclei present in the average mycelium, muta- 
tion of the incompatibility factors in vegetative mycelia must be considered 
to be much less frequent than the present data indicate for the fruiting-bodies. 

The three contentions of Kniep already suggest that the so called “ mutant 
alleles” are not true mutants at all but that new factors are produced by 
crossing over. The occurrence of “ mutants” a’ and a® confirms the sugges- 
tion that there are at least. two closely linked genes associated with the A 
incompatibility factor, and that a different allele at any locus in the group pro- 
vides a different incompatibility factor. The group of A loci thus behave 
physiologically as a single factor but must be considered as separate genes 
genetically. The term “ A? factor ” may still be used, but the term “ A? allele ” 
is a misnomer and should be replaced as soon as more data are available by 
symbols for the several alleles. 

If two of the alleles for the A’ incompatibility factor are A;1 and A! and 
for the A? factor A;? and A”, then in T39 crossing over occurred between 
these two loci producing 4,14,? and A,?A>' which correspond to factors 
a’ and a’. The missing spore in the tetrad would be A'B's. In tetrads T52 
and T63 crossovers occurred between A,14_* and A,?A_! reconstituting 
A;'A2!' and A,?A,? which correspond to factors A! and A?. The missing spore 
in T63 would be A?B?. 

Kniep (1929), using the same organism, but unfortunately without being 
able to isolate tetrads, obtained in one instance a similar result. From a fruit- 
ing-body of constitution AaBb he obtained, in addition to the four types AB, 
Ab, aB, ab, two cultures with mutant A alleles: 4,B, and a,b (KNIEP’s 
nomenclature). These two mycelia were crossed and, in addition to the ex- 
pected types 4,B, Ab, a,B, and a,b, he obtained the two original alleles 4 
and a. It is not certain that KNriEpP’s A and B factors correspond to my A and 
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B factors since Knrep did not distinguish the Flat and Barrage reactions. 
In view of the much higher number of A “ mutants” than B “ mutants ” that 
he obtained it is likely that his factors do correspond to mine. 

It is curious that the combination A,!4.? and A,?A»! seems to inhibit 
crossing over between this region and the s locus. 

Groups of distinct genes which act more or less as a unit physiologically 
have been reported in various other instances. In some of these, such as those 
in Drosophila (E. B. Lewis 1945; Green and GREEN 1950) and maize 
(LAUGHNAN 1949) crossing over has been detected and the individuality of 
the genes has been established. In other cases such as the Rhesus factor in 
man (FisHER 1947) and Neurospora (BONNER 1950), and the incompatibil- 
ity (D. Lewis 1949), and anthocyanin (Sttow and Yu 1942), factors in 
higher plants, crossing over has not been demonstrated and the question as 
to whether the factors represent several, linearly arranged, genes; or inde- 
pendently mutating parts of a single, two- or three-dimensional, gene, re- 
mains open. 

In the present instance a change in any allele in the 4 incompatibility group 
provides a functionally different incompatibility factor. The resulting pattern 
of compatibility of the A factors, neglecting the B factors, is given in table 6. 


TABLE 6 





Pattern of compatibility with various combinations of alleles in the A group. 





AlA} A\A3 AiA} AiA} 
AjA} ~ + + + 
AjAj + - 7 + 
AiA} + + _ + 
Aj Az + + + ot 





The number of different factors in each of the incompatibility groups, A 
and B, has been roughly estimated at 100 (WuITEHOUSE 1949a). These 
could be accounted for by ten alleles at each of two loci, or about five alleles 
at each of three loci, or by other combinations. The relatively small number 
of different factors found in the gasteromycetes (WHITEHOUSE 1949a), 
which is incongruous from an evolutionary point of view since the efficiency 
of the multiple-allele incompatibility system as an outbreeding mechanism is 
thereby greatly diminished, can be explained by the existence of a smaller 
number of loci for incompatibility in the gasteromycetes, limiting the possible 
number of factors. 

From an evolutionary point of view there are certain advantages in having 
several rather closely linked genes controlling each of the incompatibility 
factors. 

Multiple-allele heterothallism as an outbreeding mechanism, assuming that 
outbreeding is itself advantageous, is more efficient the greater the number of 
different factors present. In the tetrapolar basidiomycetes the numbér of dif- 
ferent incompatibility factors that can be maintained in a population is a 
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function of the population size and structure, and the mutation pressure, as 
is true in the flowering plants (WricHut 1939). New factors have a selective 
advantage which is an inverse function of their frequency (Appendix 2), and 
factors are lost by random sampling. The number of factors in any given 
population represents an equilibrium between these two processes. Actually 
there is a possibility, in the case of Schizophyllum, that the factors are not 
entirely equivalent among themselves (PAPAzIAN 1950c). Particular factors 
may have a selective advantage over others which would tend to decrease 
the number of different factors maintained. 

Mutation of an individual gene in the incompatibility group, an event which 
there is no reason to believe is more frequent than in other genes, produces 
not only a new factor initially but produces the potentiality of a whole series 
of new factors by crossing over and recombination with different alleles of 
the other genes in the group. Until a new allele is in equilibrium in a popula- 
tion, crossing over can thus be considered equivalent to mutation of the fac- 
tor to a new factor. A certain minimum crossover rate would thus be ad- 
vantageous. There is, however, another factor which would come into play 
with high rates of crossing over or with independent segregation. The fertil- 
ity of crosses of monokaryons from the same fruiting-body would be increased 
(Appendix 3) and thus the amount of inbreeding would be increased. This 
factor would probably be negligible for values of the order of one percent. In 
certain situations where dissemination of spores is very poor and the spacing 
of fruiting-bodies very wide, an increase in fertility among spores from the 
same fruiting-body might conceivably be advantageous, but in general it is 
more probable that a minimum of inbreeding and a maximum of outbreeding 
are the most advantageous conditions. These would be favored by the genes 
in each incompatibility group being closely, but not too closely, linked. 

The rather frequent occurrence of spontaneous dikaryon formation cannot 
be accounted for on the basis of multiple incompatibility loci unless by chro- 
mosomal interchange at the 4 and B regions, which, without supporting evi- 
dence, seems unlikely. In the only case analyzed the A factor which appeared 
spontaneously was the same as one of the A factors in the parent fruiting- 
body but the B factor which appeared was new. It is of interest that KNIEP 
(1929) reported an identical case: a fruiting-body AaBb gave rise to a 
monokaryon Ab (KNieEp’s nomenclature) which became a dikaryon spon- 
taneously, this dikaryon fruited and proved to be of constitution 4aBb where 
B was a new factor: This suggests that in these aberrant monokaryons the 
second 4 factor, but not the B factor is somehow present though masked. 


SUMMARY 


1. Evidence is presented that the A incompatibility factor, which functions 
as a single unit physiologically, is controlled by at least two closely linked 
genes. The evolutionary consequences of this finding are discussed. 

2. An aberrant type of mycelium, Streak, which has been shown, in a 
previous publication, to be produced regularly under certain special condi- 
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tions, is found to be controlled by a single gene. This gene is linked to the 
A incompatibility factor and is independent of the B factor. Possible modes 
of origin of this mutant are discussed. 

3. Formulae for the mapping of loci in unordered tetrads, for the selective 
advantage of new incompatibility factors, and for the increase of inbreeding 
due to mutation of the incompatibility factors are given. 
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APPENDIX 1 
Unordered tetrads with three factors two of which are linked 


Let x and y= The second division segregation frequency of the two linked factors. 

let z = the second division segregation frequency of the independent factor. 

let q and r = the frequencies of four-type tetrads of each of the linked factors with the 
independent factor respectively. 














let S = The recombination frequency between the two linked loci. 
Then gq = y+z—3yz/2 
r= x+2z—3xz/2 
and 2S = x+yor|x-y| 
If we leta = q— r 
B= a—2S 
y = —a—2S 
andé’= q+ wr Then the solutions for x, y, & z, are: 
2S = x+y xr-y 7=-= 
3Sr + 3Sr + 3Sr + 
i 235t + B %, Y 425t +B 
35-4 -—O a 
Sq + + 3Sq + 
ape 23Sa+ ¥ 4 3Sa+¥ Sa +B 
36-4 —-o a 
§-2S —o -6 
z= pod anne 
2 -3S 3S 3S 


These solutions are subject to the error that two of the equations are in terms of second 
division segregation frequencies and the third is in terms of recombination frequencies. 

In the case of two factors lying in the same chromosome arm if x’ represents the 
frequency of single chiasmata between the centromere and the factor lying nearest the 
centromere and y’ represents the frequency of single chiasmata between the two factors, 


then x =x’ 5 
and y =x (1-y’) +y (1—x’) + ’xy 
soy-x =y —%xy’ 
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which is not equal to twice the recombination value even when the latter is corrected 
(Perkins, 1940) for double crossovers. 

A further error in these equations which applies equally to the analysis of three 
independent loci in unordered tetrads (WuITEHOUSE 1950b) and to chromosome maps 
based on segregation values in ordered tetrads such as Neurospora, is that the results 
are in terms of second division segregation frequencies. Second division segregation 
frequencies are, in fact, a worse guide to map distance than the crude recombination 
frequencies. Assuming absence of interference, the frequencies of 0, 1, 2, 3, multiple 
chiasmata are distributed according to the Poisson series 


vale a =. ™ 
gape 


(HALDANE 1931), where m= mean No. of chiasmata. In the case of recombination one 
chiasma or any number of multiple chiasmata give 50 percent recombination. The 
number of such single and multiple chiasmata is 1—e"™ and the recombination value 
1/2 (1—e™). The segregation values, on the other hand, are 2/3[1 —(—1/2)*] 
where n=the number of chiasmata occurring simultaneously (MATHER 1935). The 
second division segregation value is thus 





o 
a f - =%e~™(e™— e-™), 
L 


and the map distance calculated from such data is half of this value. 

Figure 1 shows graphs of map distance as a function of chiasmata frequency as- 
suming complete interference and based on recombination, and second division segregation, 
assuming that chromosome and chromatid interference are absent. 
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Ficure 1—Graphs showing relationship between mean number of chiasmata and map 
distance. With complete interference (top line) ; with no interference and map distance 
based on recombination (middle curve), and segregation (lower curve). 
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APPENDIX 2 
Selective advantage of new incompatibility factors 
Let A™ = the new factor 
let q = the frequency of A™ 
so 1—q = the frequency of all other factors. 
let n = the number of different factors in each of the A and B series. 
Then the frequency of matings without A™ 
(X) = (1—q)?2 n?— 2n/n2 
and the frequency of matings heterozygous for A™ 
(Y) =2[q(1—q) n?—n/n?] 
the frequency of matings homozygous for A™—0. 
If q’ =the frequency of A™ in the next generation, then 


pe YY = q(n? —n) 
X+Y n7(1+q)—2n 
Note: when q=1/n, then q’ =q=1/n. 





APPENDIX 3 
Inbreeding and mutation of the incompatibility alleles 


Let F = frequency of fertile matings among the spores of a fruit taken in pairs. 
let m = mutation rate to the same new factor 


Then the frequency of matings without mutant = (1—m)2/4 and the frequency of 
matings heterozygous for mutant—=m(l1—m) and 


1 + 2m —3m? 
F= m —3m 
4 


Note: when m=0, F= 1/4. F reaches a maximum of 1/3 when m= 1/3. 
If m:=the mutation rate to different factors then 


F =1+2m,—m? 
4 
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HERE is an increasing volume of evidence that bacteria resemble higher 

organisms in their growth and reproduction (Lurta 1946; LEDERBERG 
1948, 1949; Borvin 1950; GotrscHEwskI 1950). Their small size and rapid 
multiplication make bacteria ideal material for investigations of spontaneous 
and induced mutations, and of the relationship between the gene and its intra- 
cellular and extracellular environment. In the present study, a comparison is 
made in Escherichia coli between the rate of mutation of a form having no 
special growth factor requirements to a form requiring histidine for growth, 
and the rate of reverse mutation resulting in the restoration of the proto- 
trophic condition. These mutation rates have been studied during. the normal 
growth of the culture (spontaneous mutation) and after treatment with 
ultraviolet radiation. The experiments were also designed to detect related 
phenomena such as phenotypic lag and nuclear segregation. Although this 
study was limited to a single character, in the absence of recombination in 
this strain (LEDERBERG 1947) it is not possible to determine the exact ge- 
netic nature of the mutations involved. 

Because of the technical difficulties, there have been few comparisons of 
forward and reverse mutation rates. GOWEN (1941) found that under the in- 
fluence of X-rays, the ordinary tobacco mosaic virus apparently mutated to 
aucuba with a higher frequency than aucuba reverted to wild-type. In Ser- 
ratia, BUNTING (1946) determined a rate of 10—* per bacterium per gen- 
eration for spontaneous mutation from dark red to bright pink, and a 
spontaneous reversion rate of 2x 10~* per bacterium per generation. Com- 
parisons of X-ray-induced forward and reverse mutation rates have been 
made for individual genes in Drosophila (PaATTerson and Mutter 1930; 
TIMOFEEFF-REssovsky 1934) but no consistent trend for mutation to occur 
in either direction has been established. 

A quantitative study of mutations induced in bacteria by different condi- 
tions has been made by NEwcomBeE (unpublished). Comparing the effects of 
spontaneous, ultraviolet- and X-ray-induced mutation, NEwcomBE found that 
the ratio of mutants resistant to phage T1 to streptomycin-resistant mutants 
was 1: 1500 for spontaneous mutation, 1:10 and 1:40 for mutation after 
ultraviolet and X-ray treatment. In studies of streptomycin resistance and 
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dependence DemereEc (1950) found that strains of E. coli with high and low 
‘rates of spontaneous mutation retained their relative mutability when treated 
with ultraviolet radiation. Additional evidence is required to determine 
whether the spontaneous mutability of a character is an indication of its ability 
to be mutated by ultraviolet radiation or other agents. 

In their studies of phenotypic or “ phenomic” lag, DEMEREC and LATARJET 
(1946), NEwcomBE (1948) and NEwcomBe and Scott (1949) have shown 
that in strain B/r the majority of both spontaneous and induced mutations to 
Tl resistance are not expressed until two or three additional cell divisions 
have taken place. After ultraviolet treatment there are apparently. some 
“ zero-point ” resistant mutations which do not require cell division for ex- 
pression, but these form only a small fraction of the total number of mu- 
tants. No phenotypic lag has been detected for the spontaneous mutation of 
streptomycin resistance in the same E. coli strain (NEwCcoMBE and HAawirko 
1949) while several hours’ growth was necessary for the expression of all 
X-ray and ultraviolet-induced mutations (NEwcomBE, unpublished). Davis 
(1950) has reported that cell division is required for the expression of sev- 
eral types of ultraviolet-induced auxotrophic and prototrophic mutants. 


MATERIALS AND METHODS 


The strains used in the following experiments were derived from a histi- 
dine-requiring (h~) mutant (No. 148-334) of strain 15 secured after X- 
irradiation by Drs. J. O. LAmMpEeN and R. R. RoEepKE of the AMERICAN 
CYANAMIDE Company. RYAN (1948) has shown that h~ mutates spon- 
taneously to histidine-independence (h+) and application of the variance 
analysis (Lurta and DetBriicx 1943) to data obtained in connection with 
the present investigation indicates that the mutation of h+ to A~ also occurs 
spontaneously. In one of the serially transferred cultures of h~ maintained 
for many months by Ryan and SCHNEIDER, a type of h- distinguishable 
from the parent type by its phage sensitivity pattern was found. From this 
h-, h* strain “15-2” was obtained by spontaneous mutation; the h~ strain 
“ A-11” was derived from a spontaneous h~ mutant selected from 15-2 by 
the penicillin technique. Strain 15-2 was used for all the studies of mutation 
from h*+ to h~- and A-11 in all the reversion experiments. Both strains have 
a division time of about 45 minutes in aerated synthetic medium at 37°C, 
Two h- strains unable to ferment lactose (Lac—) were also used: Lac—A, 
recovered from 148-334 by Dr. J. LEDERBERG after ultraviolet treatment, and 
Lac~Il, isolated from A-11 after ultraviolet treatment. Stocks were main- 
tained at about 5°C on slants of 1 percent nutrient broth plus 2 percent agar 
and transferred about every four months. 

For all the experiments to be described, bacteria were grown in a “ mini- 
mal” medium composed of a mixture of reagent-grade salts described by 
Gray and Tatum (1944). Trace elements and asparagine were omitted. 
Cultures grown in this medium with the addition of 0.05 percent glucose are 
limited in size by the carbon source rather than by pH and rapidly resume 
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growth when transferred to fresh medium. In experiments where a dense sus- 
pension of bacteria in the logarithmic phase of growth was desired, the phos- 
phate concentration was increased four times, and the glucose concentration 
ten times. The plating medium contained Gray and Tatum’s salts with the 
addition of 0.5 percent glucose and 1.5 percent washed agar (RyAN and 
SCHNEIDER 1949). 25y per cc of histidine monohydrochloride-H,O was 
added to the medium in which h~ cells were grown, unless otherwise noted. 
Cultures were -washed in 12-cc centrifuge tubes by resuspending three times 
with sterile 0.9 percent saline. Sterile distilled water was used for all dilu- 
tions. Liquid cultures for inocula were grown in tubes containing 10 cc of 
medium which were aerated by continuous rolling at 37°C. Individual cul- 
tures for experiments on spontaneous mutation rates were inoculated with 
about 50 newly grown cells. Large cultures for irradiation experiments were 
aerated at 37°C on a Warburg shaker. For reproducibility, cultures in the 
logarithmic phase of growth were used in all the experiments to be described. 


CALCULATION OF MUTATION RATE 


Forward and reverse mutation rates were calculated by three different 
methods. The derivations of the equations and methods for the calculation of 
the variance of each method are contained in the papers of Luria and DE L- 
BRUCK (1943), NEwcomBeE (1948) and Lea and Coutson (1949). All the 
methods involve the determination of the number of mutants in each of sev- 
eral cultures of similar size. By Method I, the average number of mutations, 
m, per culture is calculated from Po, the proportion of cultures with no 
mutants : 

Po =e" I 
By Method II, m is obtained from r, the average number of mutant bacteria 
per culture and C, the number of similar cultures using the estimate 


r=m-In(Cm) II 


to plot a family of curves relating r to m for different values of C. The aver- 
age number of mutations may be estimated with greater statistical efficiency 
from fro, the number of mutants in the median culture of the series using 
the equation 


FO _ in m = 1:24 III 
m 


To obtain the mutation rate, the number of mutations per culture is divided 
by n/In 2, n being the total number of cells per culture (NEwcomBE 1948). 
Because of the high variance expected when m is estimated by Method II, 
conclusions as to mutation rates have been based on Methods I and III. 
However, Methods II and III give very similar mutation rates when ap- 
plied to the date below or to the phage-resistance data published by New- 
COMBE (1948, table 1). These experiments were apparently not extensive 
enough to include cultures containing large clusters of mutants arising from 
exceptionally early mutations; such clusters lead to the calculation of exces- 
sively high mutation rates by Method II. 
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There are assumptions inherent in all three methods, and in each series of 
experiments controls were set up to test them. It is necessary to verify the 
expectation that mutations occur at random with a fixed probability. Since 
a very large series of similar cultures were not run, it is not practicable to 
compare the observed frequency of cultures with 1, 2, etc., mutants with the 
expected frequency. If, however, the mutation rate as calculated by Method 
I is constant regardless of culture size, one can assume that the first muta- 
tion in each culture, although not necessarily all subsequent mutations, occurs 
with a fixed probability. Methods II and III will give erroneous mutation 
rates unless new mutants divide at a rate equal to the division rate of the 
parental cells. If g equals the number of generations of growth after the 
appearance of the first mutation, the number of mutants at any time should 
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Ficure 1.—Mode of increase of phenotypically mutant cells in mutant clones. 


be (g+1)2® while the number of parental cells has increased by the factor 2. 
The effect of phenotypic lag on the mode of increase in detectable mutants 
within a single clone is illustrated in figure 1. If the bacteria are multinucleate, 
the calculated mutation rates will usually be lower than the true figure. Delay 
in phenotypic expression in either mono- or multi-nucleate cells will be re- 
flected in differences between mutation rates calculated by Method I and rates 
obtained by Methods II and III and the duration of the period of phenotypic 
lag can be estimated from the extent of the discrepancy. 


SPONTANEOUS REVERSION OF h~- To ht 


Small cultures are required for the determination of mutation rates by 
Method I since some of the cultures must contain no mutants. Therefore, 
h- cells were inoculated into small tubes containing medium in which the 
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amount of histidine limited the final size of the population to the desired 
level. The h+ mutants which arose in some of the cultures continued to multi- 
ply, eventually producing turbidity in the culture tubes. Although one ht 
cell will multiply to give visible turbidity in 24 hours or less under the ex- 
perimental conditions (RyAN and SCHNEIDER, personal communication), the 
number of turbid tubes continues to increase over a period of several days 
without an increase in the number of viable parental cells. Only the cultures 
becoming turbid within 24 hours after the end of A~ growth were counted. 
Table 1 lists experiments performed by the tube turbidity method, and in- 
cludes data obtained by RYAN and SCHNEIDER (in press). The mutation rates 
as determined by Method I on cultures varying in size from 1.0 x 10° to 
9.5 x 107 do not appear to be correlated with culture size (t = 816, D.F. = 11, 
p=.4). Thus, population size does not affect the probability of appearance 
of the first mutant in each culture. 








TABLE 1 
Estimation of mutation rate from b~ to b* using Method I, 
N n '; a 
a = Mutation Standard 
per culture rate deviation* 
culeures x 10? x 10° x 10° 
2 55 -10 -962 1.29 1.40 
2 32 Pes -906 4.14 2.29 
3 69 22 -855 4.99 1.59 
4 198 -41 -828 3.18 -59 
5 69 -56 -793 2.86 ae 
6 14 1.24 571 3.12 1.28 
7 60 1.30 -583 2.87 -58 
8 57 2.40 -579 1.57 33 
9 26 3.04 -269 2.98 1.06 
10 59 3.20 -390 2.03 035 
11 59 6.30 -068 2.94 53 
12 48 6.32 -208 1.72 -30 
13 64 9.48 -016 3.01 73 


Weighted average 2.86 x 107° 
Standard deviation 1.77 x 10° 





* Standard deviation after LEA and COULSON (1949). These estimates of S.D. do 
not take into account the variance due to diluting and plating errors and are thus 
lower than the S.D. of the weighted average. 


For the determination of the number of h+ mutants in larger populations, 
cultures were grown in medium containing an excess of histidine. When the 
population had reached the desired size, the cells were washed and the entire 
cultures plated on minimal agar. Table 2 lists mutation rates obtained by 
Methods II and III. There is apparently a correlation, in this case, between 
increase in culture size and decrease in mutation rate (p = .03). The average 
mutation rate is not significantly lower than that obtained by Method I, but 
it varies with the size of the culture being tested. 

A selection pressure against h+ would progressively lower the ratio of h* 
to h- from that expected, and Method III would then give decreasing muta- 
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TABLE 2 
Estimation of mutation rate from h~ to b* using Methods II and III. 
N 2 r fo 
Mutation rate Standard 
in ae Method Method 4¢Viation® 
pa nent per culture Il Ol x 1078 
x 10° x 10° x 10° 
1 12 «37 1.6 1 ee 1.68 81 
2 24 -63 6.9 5 y a 2.63 85 
3 12 67 3.8 3 1.3 1.75 46 
4 7 .68 15.3 9 4.1 3.60 1.37 
5 12 1.26 9.8 9 1.6 1.88 -56 
6 9 1.49 15.1 9 1.8 1.64 56 
7 ll 1.63 21.6 12 ye 1.86 53 
8 6 2.28 14.6 12 1.4 1.41 > y 3 
9 5 2.39 11.8 11 a | 1.16 61 
10 7 11.79 99.0 95 1.2 1.25 35 
1l 3 12.39 69.0 73 9 1.01 -39 
12 9. 12.71 109.4 110 1.1 1.32 30 
Weighted average 1.88 x 10° 
Standard deviation »72 X 10% 





* Standard deviation after LEA and COULSON (1949). 


tion rates with increasing culture size. To test the possibility of selection for 
or against h+ cells in A~ cultures, one or more h+ cells were introduced into 
some cultures at the time of inoculation. Ten different h*+ strains derived 
from spontaneously arising mutants and grown under the same conditions as 
were the h~ inocula were used in the various tests. The numbers of h~ and 
h* cells were determined after 10-15 generations and a calculation was made 
of the percent recovered of the number of ht+ expected if h~ and h* grow 
at the same rates. As shown by table 3, there is, on the average, no selection 
for or against h* cells. 

The negative correlation between culture size and mutation rate could be 


TABLE 3 


Growth of h* in the presence of hb. 














t t 

Total Calies Cells per culture Cells per culture Pessane 

number of with b* = bt be recovery 
cultures added x 104 x 10° x 10° x 104 of b 
1 12 4 22 41 -68 1.37 110 
2 12 6 58 -69 2.29 3.38 124 
3 24 12 -63 -69 -09 -08 81 
4 12 3 1.77 29 1.49 | 126 
5 ll 10 Zeal 2.40 1.25 1.74 132 
6 23 18 5.10 t.37 2.39 1.02 138 
7 12 9 6.54 1.39 12.39 2.39 91 
8 1l 10 12.00 2.40 4.26 -78 92 
9 12 5 16.96 -54 11.79 31 82 
10 12 3 26.40 ~29 12.71 -08 56 


Average 103 
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attributed to segregation if one assumes that h+ is a dominant mutation 
occurring in one nucleus of a multinucleate cell. As in the case of selection 
against the mutant, the mutant frequency would not increase with culture 
size in the manner expected. Giemsa staining of h+ and h~ cells in the log- 
arithmic phase of growth reveals two to four chromatinic bodies -per cell; 
Rogsrnow (1945) and others have suggested that these bodies are analogous 
to cell nuclei, and thus the segregation hypothesis appears to have some 
morphological basis. Although h+ is assumed to be dominant, the new mu- 
tant might require one or more cell divisions for the conversion of the h— 
phenotype to h+. As NsewcomsBe and Hawrrxo (1949) have pointed out, 
and as shown in figure 1, when phenotypic lag and segregation require the 
same period of time, no difference is expected in mutation rates calculated by 
Methods I and II. The data are in accord with the assumption that segrega- 
tion extends over a period of about one generation. They would be equally 
consistent, however, with the hypothesis that segregation and the develop- 
ment of the h+ phenotype occur simultaneously for a period of one or more 
generations but that segregation continues for at least one additional gen- 
eration. 


SPONTANEOUS MUTATION FROM ht To h- 


The original penicillin selection method of Davis (1948) and LEDERBERG 
and ZInDFR (1948) has been modified to increase the recovery of h~ mu- 
tants and to obtain an estimate of the percent of total mutants that are re- 
covered. The optimal recovery of A~ consistent with the killing of the great 
majority of h* cells occurs with a penicillin concentration of 100 to 150 units 
per cc and an exposure of 8 to 10 hours at 37°C. No substance enhancing the 
selective killing action of penicillin under these experimental conditions has 
yet been found. The optimal concentration of h* cells is 5 x 10® per cc; when 
higher concentrations are used, the recovery of h~ is significantly decreased. 
For the most rapid killing, cultures to be tested should be in the logarithmic 
phase of growth. The penicillin method was made quantitative by adding a 
known number of h~Lac~ cells to some of the cultures in each series and 
determining the percent recovery of the Lac~ cells after penicillin treatment. 
Assuming that a similar proportion of marked h~ cells and spontaneous h- 
mutants is lost, it is possible to calculate the original number of mutants in 
each culture. 

For example, 3 cc cultures of h+Lac* cells were grown to the desired 
population size in medium containing histidine, washed, and resuspended in 
minimal medium. After assay of the h+, penicillin was added to each culture 
to give a final concentration of 140 units per cc. At the same time, a certain 
number of h~Lac~ cells were added to some or all of the cultures. After 10 
hours at 37°C, the cultures were plated directly in minimal agar, each cul- 
ture being divided between two plates. The plates were layered with minimal 
medium according to the technique of LEDERBERG and Tatum (1946). After 
36 hours, the visible colonies, derived from h* cells not killed by penicillin, 
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TABLE 4 
Comparison of recovery of b~ Lac~ and h~ Lac*. 
b* per ce No. of % recovery of b~ S.E. of . p 
x 106 cultures Lac* Lac™ diff. 

1 me 12 29 32 13.3 -20 es 
2 6 10 42 49 6.5 1.08 3 
3 3.0 4 61 54 31.0 222 DP, 
4 3.6 12 26 50 6.9 3.48 01 





were marked, and a layer of minimal agar plus histidine was added. The addi- 
tional colonies, presumably h—, that appeared were streaked to Endo agar to 
determine the number of h~Lac~ cells recovered. To ‘avoid testing large num- 
bers of h-, the number of h~Lac~ added per culture was approximately 
equal to the number of newly arisen h—~ expected. The Lac+ colonies were 
streaked from Endo to minimal agar to make certain that they were h~ ; the 
percent that proved to be h~ varied from 50 to 100 percent, recovery being 
most efficient when the h+ had been reduced to 50 or less per culture. The 
determined number of new A~ per culture was corrected by dividing by the 
percent survival of the h~Lac~. 

To test the assumption that h~Lac~ and h~Lac* cells are killed at the 
same rate under similar conditions, experiments were set up in which equal 
numbers of (a) a mixture of spontaneously arising h~Lac+ or (b) h~Lac— 
cells were added to aliquots of minimal medium containing washed h* cells. 
The numbers of h+ and both types of h~ cells were so adjusted that the con- 
tribution to the h~Lac+ class due to spontaneous mutation was negligible. 
The data from several experiments, summarized in table 4, show that in only 
one case was there a significant difference (at the 5 percent level) between 
the recovery of h~Lac~ and h~Lac* cells. 

A number of h- cells, derived from spontaneously arising mutants, were 
added to some of the A+ cultures at the time of inoculation to determine 
whether there is selection against h~ mutants in predominantly h+ cultures. 


TABLE 5 
Growth of b~ in the presence of h*. 











N t t 
Cells per Cells per 
ee aoe one — tom 

cultures bea a)see + on + om 

added penicil. b b b b 

xi? -“id*> x1 xe 

1 34 5 61 2.24 1.59 -36 .05 20 
2 34 9 75 3.77 3.08 74 34 56 
3 17 2 18 4.52 1.26 2.92 Rp 107 
4 17 1 18 4.52 61 9.03 .85 70 
5 17 8 39 6.20 6.37 5.94 5.78 95 


Average 70 














468 MARGARET LIEB 


The h- recovery, calculated as in the experiments on h* recovery, averaged 
70 percent of that expected (table 5), indicating that selection would slightly 
lower the mutation rate as estimated by Methods II and III. 

Table 6 lists the data obtained in experiments in which the penicillin 
method was used to estimate the frequency of h~ cells in h* cultures. The 


TABLE 6 
Estimation of mutation rate from h* to b~ using Methods II and III. 











N n rt fo 
Mutation rate Seandasd 
Percent No. of b* per deviation 
recovery 1 wi culture Method Method ll 
ie. Il Ill ie 
x 10°° xiG* 
1 80 28 -36 1.6 1.27 
2 67 27 38 1.4 1.09 
3 31 18 -62 4.5 1.55 
4 83 25 -74 23 1.2 -78 -90 30 
5 34 29 1.04 3.4 73 
6 37 15 1.46 14.2 5.4 1.61 1.18 -34 
7 38 11 1.85 yO 7.9 2.16 1.23 38 
8 18 14 2.92 21.1 11.1 1.83 -98 ote 
9 64 8 3.26 48.4 32.8 2.22 1.95 54 
10 42 9 5.94 41.9 23.8 1.07 -84 “ae 
11 39 11 10.98 133.3 120. 1.54 1.63 32 
Weighted average L.i7 x 10° 
Standard deviation -36 xX 107% 





experimentally observed Po cannot be used to determine the mutation rate by 
Method I because the “0” class includes some cultures which contained one 
or more h~ cells prior to treatment with penicillin. The probability that a 
culture containing r mutants before treatment will have no mutants after 
treatment is a function of r and S, the fraction of h~ surviving penicillin. 
Thus, for each culture 


Po,- = (1-S)* IV 
This value, Po,-, for each individual culture could then be applied as a cor- 
rection factor if the frequency, P,, of cultures having r mutants were known. 
Thus, the Po expected after penicillin treatment of a group of cultures is 
given by 


P= = (1-S¥ (,) 
r=0 


° 


LEA and Coutson (1949) have calculated P, for various values of r from m, 
the average number of mutations per culture. An estimate of m can be ob- 
tained by Method II or, preferably, by Method ITI. 

The values for the expected and observed ‘Po agree closely, as shown in 
table 7. If an appreciable arnount of phenotypic lag were present, the ob- 
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served Py would be higher than the expected P» which is based on the aver- 
age or median number of mutants per culture. A statistical test has shown 
no correlation between culture size and the mutation rate obtained by Method 
III, indicating that mutant frequency increases with culture size in the man- 
ner expected in the absence of phenotypic lag. Adhering to the assumptions 
put forth to account for the discrepancies in mutation rates from h~ to h+, 
it is necessary to postulate that if h+ bacteria are multinucleate, a mutation 
to h~ cannot be detected in a cell simultaneously containing one or more h*+ 
nuclei. The absence of any detectable lag thus indicates that when h~ has 
segregated from h*, the h~ phenotype appears rapidly. 


ULTRAVIOLET-INDUCED MUTATION OF h~ To ht 


Cultures to be irradiated were grown to 108-10® cells per cc and then 
washed twice with saline at room temperature over a period of an hour or 
more to stop bacterial multiplication. Ten-cc aliquots of the saline suspension 
were pipetted into Petri dishes which were rotated on a small turntable dur- 
ing irradiation. The ultraviolet source was a G.E. “ Sterilamp ” about 80 per- 
cent of whose ultraviolet radiation consists of the 2537 A wave length. Non- 
reactivating yellow light from G.E. “ Bugaway” bulbs was used throughout 
all experiments with irradiated cells. Since the bacterial concentration was 
not kept constant from experiment to experiment, dosage was measured in 
percent survival. After irradiation, the bacteria were transferred to centrifuge 
tubes and resuspended in sterile saline. A part of each treated culture was 
plated on minimal agar to determine the number of 4+ mutants present at 
zero time, and another part was diluted with medium containing histidine and 
allowed to divide one or more times. After growth, each culture was washed 
and assayed for h~ and h*. 

The technique of plating in medium with limited histidine enrichment in 
order to reveal induced mutants (Davis 1950) was unsuccessful; fewer ht 
colonies appeared on plates containing irradiated A~ cells than on control 
plates containing equal numbers of viable h~. When ht cells were added to 
irradiated cultures before plating, there was 100 percent recovery of the 


TABLE 7 


Comparison of expected and observed P,. 














n m BR 
Percent b* per Mutations per cult. 
recovery culture 
of b~ x 10° From r From fp Exp. Obs. 
1 80 -36 -66 sees -520 -500 
2 67 38 -60 “ae 551 -704 
3 31 -62 1.40 saa -490 -556 
4 83 -74 -84 -96 -417 -440 
5 34 1.04 1.10 = -550 0553 
6 37 1.46 3.40 2.50 -246 -200 
7 38 1.85 5.80 3.25 0157 .273 
8 18 2.92 4.80 4.15 212 285 
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added cells, showing that h+ cells are not prevented from forming colonies. 
A possible reason for the failure of the limited enrichment method is the 
removal of the histidine present by the large numbers of “ killed” irradiated 
cells which continue to metabolize but do not divide or give rise to viable ht 
cells. Although more tedious, the technique of growing irradiated cultures in 
liquid medium with optimal histidine also allows the cells to be tested at any 
interval after the initiation of growth. 

Repeated tests have shown that h~ and ht cells are equally sensitive to 
irradiation when grown and irradiated under identical conditions. In order 
to determine whether there was selection for either type when h~ and ht 
were grown after irradiation, aliquots of a mixed culture were irradiated for 
various lengths of time. The irradiated cultures were grown in histidine- 
supplemented medium for 18 generations and then assayed for h~ and h*. 
When approximately equal numbers of h~ and h* are irradiated there is no 
evidence of selection for either type. To test for selection under conditions 
more closely resembling those in irradiated h— cultures, a small number of 
h+Lac~ cells were added to irradiated cultures which were then grown for 
several generations. In six experiments in which h*+Lac~ cells were mixed 
with irradiated h~ in ratios of about 1 to 10° and grown for 15 generations, 
there was 89 percent recovery of the marked cells. Expected recovery was 
determined from cultures containing h+Lac~ and unirradiated h- cells. Se- 
lection is apparently not great enough to alter the major conclusions concern- 
ing induced reverse mutations. : 

When cultures are carefully washed before irradiation to halt cell di- 
vision, “ zero-point” h*+ mutations are not detected (fig. 2). Exceptions were 
found in the two earliest experiments of the series, but it has been impossible 
to repeat these observations in many trials. In all other experiments, there 
was a downward trend in A+ frequency with increasing ultraviolet dose. 
Mutant frequency after growth (end-point mutation) was determined after 
one division and after five or more divisions of the irradiated cultures. To 
indicate the amount of variation in mutant frequency in different cultures 
before irradiation, the total h*+ frequency is plotted and thus includes both 
spontaneous and induced mutants. Apparently most induced mutants are 
expressed after one division but two or more divisions may be necessary for 
the expression of all h+ mutants. In evaluating the data to determine the ap- 
proximate duration of the lag in mutant expression, it is not necessary to 
consider the effects of irradiation-induced delay in division which is present 
in strain B/r (Demerec and Latarjet 1946; NewcomBe and Scott 1949). 
In both h~ and h* cultures, the surviving cells exhibit no greater delay than 
do unirradiated cells. This conclusion is based on determinations of cell in- 
crease in liquid cultures and on the surface of agar plates. 

Because of the scatter between data from different experiments, it is diffi- 
cult to determine whether the h*+ frequency increases linearly with dose. The 
log percent survival is inversely proportional to ultraviolet dose except for 
doses allowing over 50 percent survival. If mutant increase were to be plotted 
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against dose, the curve would show a slight flattening near the origin. Doses 
allowing less than 0.5 percent survival of h— do not further increase the h* 
frequency, and the limited number of data for higher doses suggests that 
there may be a decrease in mutant frequency as has been observed for phage 
resistant mutants (DEMEREC and LATARJET 1946). NEwcomBeE and WHITE- 
HEAD (1951) have found in £. coli that the frequency of color response mu- 
tants on mannitol-tetrazolium agar remains constant at doses over 500 ergs 
per sq. mm. A decline in mutant frequency with high doses of ultraviolet 
radiation occurs for the production of morphological and auxotrophic mu- 
tants in molds (HoLLAENDER and Emmons 1941, 1946) and in Drosophila 
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Ficure 2.—Increase in the frequency of h* after ultraviolet irradiation. 


(ALTENBURG, ALTENBURG, MEYER and Mutter 1950). This change in the 
relation of lethality to mutagenicity at high doses appears to be characteristic 
of ultraviolet treatment. 


POST-IRRADIATION DEATH 


In the course of the irradiation experiments, it was found that when 
irradiated non-growing cultures are plated immediately, the percent survival 
is many times greater than that observed if the cultures are assayed after 
a short period (30-50 minutes) of growth in liquid medium. The bacteria 
surviving this post-irradiation death divide at a normal rate unless the culture 
consists of h— cells in a medium devoid of histidine, in which case the viable 
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count becomes stable. A careful study of the data suggests that the ultraviolet 
survivors immediately after irradiation consist of two types: “ liquid re- 
sistants,” which will divide at a normal rate in liquid medium, and “ liquid 
sensitives,”’ which die when placed in liquid medium but survive when plated. 
The ratio of percent survival immediately after ultraviolet to survival after 
growth in liquid is not constant, but increases with increasing dose. These 
observations are introduced here because post-irradiation death occurs be- 
tween the measurement of “ zero-point” and end-point mutants. Although it 
has been shown that A~ and h* cells do not differ in sensitivity to ultraviolet 
treatments that include post-irradiation growth in liquid, the possibility that 
there is a relationship between post-irradiation death and the production of 
mutations has not been ruled out. 


ULTRAVIOLET-INDUCED MUTATION FROM ht To h- 


The. study of ultraviolet-induced mutation to h~ is limited to a low range 
of doses because the penicillin-selection method cannot be used effectively 
when the concentration of living plus ultraviolet-killed cells exceeds 5 x 10® 
per cc. The A+ cells were washed and irradiated as were the h~ cells in the 
reversion experiments. Part of each irradiated suspension was grown in mini- 
mal medium containing histidine, part was tested immediately. After resuspen- 
sion of the irradiated cells in minimal medium, penicillin and h~Lac~ cells 
were added and the number of new A~ mutants determined as previously de- 
scribed in the section on spontaneous mutation. In addition to penicillin- 
killing, post-irradiation death, which affects both h~ and h* cells, occurs 
when bacteria are placed in liquid medium and penicillin after irradiation. 
Thus, it is impossible to determine the number of radiation survivors in these 
cultures either by assaying before the addition of penicillin or by assaying 
after the completion of post-irradiation death. A good approximation may be 
obtained by placing part of the irradiated suspension in liquid medium and 
assaying after one hour or by using a curve, obtained by pooling the data 
from several experiments, relating survival immediately after ultraviolet 
treatment to survival after growth in liquid medium. Penicillin has no effect 
on the post-irradiation death of A~ cells, and thus it may be expected that 
the death of h* is similarly unaffected. 

Figure 3 shows that ultraviolet irradiation increases the frequency of muta- 
tion from h+ to h~. There is no detectable increase in mutant frequency 
when irradiated h*+ cultures are growm for one or more generations, so all 
mutations appear to be “ zero-point’ mutations. When evaluating these re- 
sults, it should be borne in mind that penicillin does not kill all growing cells 
instantly. After one hour in penicillin, 90 percent of h* cells are incapable 
of dividing to form colonies even though they are freed of the drug. However, 
it is theoretically possible that an A+ cell which has mutated to A- might 
become phenotypically h~ during the early minutes of penicillin action, and 
later recover from the effects of penicillin. There is also the possibility that 
h* cells which have been washed thoroughly are essentially h— in phenotype, 
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and remain so unless the h+ gene(s) resumes its functions when the cells 
are replaced in culture medium. The term “ zero-point” may be misleading 
and is, in any case, inaccurate, since a measurable length of time must elapse 
between mutagenic treatment and selection of the mutants. 

The increase in h~ frequency relative to dose is very similar to the end- 
point h+ increase in irradiated h~ cultures. Again, there appears to be a 
plateau or peak above which the mutant frequency does not rise although the 
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Ficure 3.—Increase in the frequency of h~ after ultraviolet irradiation. 


dose is increased. A considerable amount of variability is observed in the 
mutant frequencies at comparable doses; this was also observed by DEMEREC 
and Latarjet (1946). 


COMPARISON OF INDEPENDENTLY ISOLATED MUTANTS 


The growth rates of 22 spontaneous and induced 4+ mutants, each inde- 
pendently isolated, were compared turbidimetrically. In minimal medium, 
the growth curves of all strains appeared identical and were indistinguishable 
from the growth curve of the parent A+ strain. The tests in which h+ were 
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grown with h- cells (table 3) provide further evidence of the similarity of 
the h+ mutants. Nineteen h+ strains were tested for the frequency of h~ 
mutants, which varied from 3.3 per 10® to 7.5 per 10° h+. The similarity of 
mutant frequencies strongly suggests that the rate of mutation from ht to 
h- is almost identical in all the tested strains. Davis (1950) found growth 
curves differing from wild-type for the majority of back mutants from sev- 
eral different auxotrophs. Many of these prototrophs were “ partial back 
mutants,” requiring a growth factor for optimal growth. If h~ strain A-11 
gave rise to such mutants, these slow-growing prototrophs should have been 
detected, for the h+ mutants to be tested were often isolated from minimal 
agar several days after plating. The similarity of the A+ strains suggests that 
h- strain A-11 reverts to h*+ by a single mutation. 

The growth rates of 28 h~ strains, both spontaneous and induced, were 
studied in medium containing histidine. Although the curves varied some- 
what, the final level of growth was the same for all mutants. A slight differ- 
ence in’ growth rates among various strains is reflected in the results of 
selection tests (table 5). The frequency of h+ mutants varied from 0 per 10° 
to 1 per 10°, indicating that the rates of mutation to h+ and/or selection of 
h+ mutants differ significantly in the various h~ strains. At least three dif- 
ferent h~ types appear to be present on the basis of reversion frequency ; 
apparently strain A-11 carries only one of several possible histidine-requiring 
mutations, which may represent allelic mutations or mutations of different 
genes. 


DISCUSSION 


A comparison of spontaneous mutation rates with ultraviolet-induced mu- 
tation frequencies indicates that the h+ and h~ characters retain their relative 
mutability when subjected to ultraviolet radiation. However, while the rate 
of spontaneous mutation to phage T1 resistance in strain B/r is similar to 
that of h~ and h* in strain 15, the frequency of phage-resistant mutants was 
increased to a far greater extent by ultraviolet treatment. One cannot be cer- 
tain whether this inconsistency is a reflection of a difference in the particular 
genetic system involved or of differences in the entire genetic constitutions 
of the two strains. The majority of the data now available suggest that, in 
E. coli, the relative spontaneous mutability of a character is an indication of 
its relative mutability when treated with ultraviolet radiation. 

The relation between dose and the production of h~ and h+ mutations 
differs considerably from that found for T1 resistance (DEMEREC and LATAR- 
yet 1946). If the A+ data are corrected for mutations present before irradia- 
tion, the curve of mutant increase shows a steady rise to a maximum, in 
contrast to the sharp initial rise in the end-point mutant curve for T1 re- 
sistance. This initial rise has not been observed in any other studies of in- 
duced mutation and may be unique for phage resistant mutants or associated 
with the conditions of the experiment (LEDERBERG 1949). 

The assumption has been made that the bacteria contained in this study 
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contained about two nuclei, and that one h+ nucleus is dominant to one or 
more h~ nuclei. This conclusion is based primarily on the discrepancies in 
mutation rate calculations for the spontaneous mutation of h~ to h*. If h* 
is dominant, segregation cannot be detected in a study of spontaneous muta- 
tion from h+ to h—, but should be observed as a delay in the appearance of 
induced h~ mutants. Some of the possible causes for the failure to detect any 
lag have been discussed above, and one should also consider the possibility 
that ultraviolet radiation produces a considerable amount of nuclear killing, 
so that many of the cells surviving radiation may be effectively mononucleate. 
Since the duration of the expected segregation lag is only about one division, 
the failure to detect it with present methods cannot be considered conclusive 
evidence of its absence. 

Phenotypic lag, unless obscured by nuclear segregation, is apparently not 
present in the spontaneous mutation of h~ to h+ or ht to h—. However, a 
“ priming” (Davis 1950) period of about one division is required for the 
expression of induced h+ mutations. Since h*+ is apparently dominant, lag 
cannot be attributed to the necessity for nuclear segregation. The lag in ht 
expression is not one of time alone, since induced h*+ mutations never appear 
if the cells are plated in minimal medium without previous growth in histi- 
dine. This suggests that for h+ expression, there must be the production of a 
new material, involving cellular growth, rather than the decay of some prod- 
uct(s) of the h~ character. In the case of spontaneous mutation, phenotypic 
lag may be of shorter duration, or may be obscured by segregation. 


SUMMARY 


1. A method has been developed for the quantitative recovery of growth- 
factor-requiring mutants from their parental cultures. 

2. The rate of spontaneous mutation from ht+ to h- in the prototrophic 
strain studied is 1.2 x 10~-® per bacterium per division cycle, and the rever- 
sion rate of a derived h~ strain is 2.9 x 10—® per bacterium per division cycle. 

3. Equivalent doses of ultraviolet radiation increased both mutation rates 
by approximately the same factor. The mutant frequency increased with dose, 
reaching a maximum of about 100 x the original frequency at 0.5 to 1.0 per- 
cent survival. 

4. No phenotypic lag was detected for the expression of spontaneous h— 
and h*+ mutations. After irradiation, h+ mutations were not expressed unless 
the culture was placed for about one hour in a culture medium containing 
histidine, but h~ mutations did not require this treatment for expression. 
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N an article under the same title by Opatowsx1 (1950) and in another by 

OpaTOWSKI and CHRISTIANSEN (1950) doubt has been raised whether 
a linear relationship between mutation frequency and irradiated dose, at low 
dosage, can be considered as proof that a mutation is induced by one event. 
The conclusion reached in these papers is that under the opposite assumption, 
i.e., that a mutation needs a large number of primary events, it is quite pos- 
sible to get a frequency-dose curve which is essentially linear in the range in 
which measurements have been made (SPENCER and STERN 1948). Since 
this conclusion seems at first sight. rather strange, it was considered worth 
while to make a more thorough analysis of the problem. 

The purpose of this paper is to investigate in several cases whether or not 
the theoretical mutation frequency curve can be distinguished from a single 
event-type curve, which is essentially a straight line in the lower range of the 
curve. The question how well the experimental data justify a straight line fit, 
is of an entirely different nature and will not be considered here. Since the 
experimental data cover a mutation frequency range from about 0.001 to 0.1, 
the theoretical curves will be investigated in this same range. 

Our calculations will be based on the following model: A certain mutation 
is a certain chemical change in a particular gene, effected by one or more 
ionizations or excitations in that gene. An ionization or excitation will hence- 
forth be called an “ event.” We suppose that the events are independent of 
each other. Let n be the number of events which have to occur in order to 
produce the mutation, and let N be the total number of events which possibly 
can take place in the gene, so that we have n $ N. Since the gene may be a 
big molecule, N may be very large. However, we do not want to include in 
N any possible events which cannot contribute to the mutation under con- 
sideration. Therefore, even if the gene is a big molecule the number N is not 
necessarily large (it may be even 1). We shall distinguish between two cases: 
1) N > 1, and 2) N not » 1. In case 1) we let N approach infinity in 
order to simplify the calculations. In both cases we distinguish further be- 
tween the two possibilities: a) all events have the same probability of occur- 
rence; b) the events may have different probabilities. In each case the muta- 
tion frequency is the probability that out of N possible events at least n events 
actually occur. The model described above does not cover all possible cases, 
but it covers a range sufficiently wide to be of interest. 


* Part of the cost of the mathematical formulas has been paid by the U. S. Atomic 
Enercy CoMMISSION. 
1 Pusiic HEALTH Service RESEARCH FELLow oF THE NATIONAL CANCER INSTITUTE. 
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The existence of spontaneous mutations is no complication in the present 
treatment, since, following OpaTowsKI, we can consider these spontaneous 
mutations as being caused by a fictitious radiation of dose S. If we denote the 
dosage of the actual radiation by D, the total effective dose is D+ S. 

After application of this effective dose the probability that the i event has 


not taken place is qi =exp[-ci(D+S)], in which q is a constant. It follows 
that the probability p,; that the i‘® event has taken place is 


pj=1~q,;= 1-exp[—c,(D+S)}. 


For convenience we introduce the following dimensionless quantities 
N 
C: 
c= Ci» f; =, 
i™1 c 


and: 
x=c(D+S) (1) 
so that we have: 
z f os (2) 
qgi=exp [fix] (3) 
pi = 1—exp[-fix] (4) 


We now proceed to discuss the four different cases la, 1b, 2a and 2b 
separately. 
Case la: (N 0, fj is the same for all i). 


From (2) follows fj=1/N and substitution into (4) gives p=p=1- 


exp Es} The average number of events is 


lim Np= lim N4l1-exp|-=|> =x, 
nN 00 n> 0° N 


which can be seen most easily after expanding the exponential in a power 
series. Now in our case, since N 0, the probability of exactly m events is 
given by Poisson’s formula: 


Pp =i ! e*x" (5) 


If at least n events are necessary for the mutation, then the probability M, of 
no~1 

the mutation is M,=1- 2 P,, or, after substitution of (5): 
m0 


n-1 1 
M,=1- 22, ex" (6) 
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which also can be written in the form: 





1 x 
M, = an) oY d 7 
=D! { y y (7) 


That eqs. (6) and (7) are equivalent can be seen by integrating (7) by parts 
n times. 

M, can be plotted as a function of x for various values of n. For small n 
formula (6) is convenient, for large n formula (7) can be used to investigate 
the shape of the mutation frequency curve in the limit of n> 00. In taking this 
limit we may replace n-1 in (7) by n: 


Moo im i | ye Vay (8) 


If n is large compared with 1 we can approximate the integrand in (8) by a 
Gaussian function, i.e., a function of the form A exp [-B (y-(C)?], with A, 
B and C positive constants, and choose these constants such as to let the two 
curves have the same maximum and the same curvature at the maximum. 
The maximum of y"e~” lies at y=n, and the value at the maximum is, of 
course, n"e—", so C=n and A = n"e—". The second derivative of y"e—” at y =n 
is -n"~1e—"; the second derivative of n"e-" exp [-B (y- n)?] at y=n is 
-2 B n"e—". Equating the second derivatives of the two functions gives B = 
Yn. We have, finally : 


y’e ’=n"e™ exp[-h yay, (n> 1) (9) 


For n > 1 this function has a sharp peak at y =n, and if we take in (8) the 
lower limit of the integral -oo instead of 0, the error we make approaches 
zero as n approaches infinity. Thus we have: 


— ee 
Moo = lim = n"e ‘| exo] yn) 


Using Stirling’s approximation : 
n! Sn%e" /2nn, (n> 1) (10) 


and denoting by H (x) the function: 


ie ae 
H(x)=— e 
= Naites 
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we can put M,, in the form: 


Moo = Lim finn (‘=)} (11) 


It has been stated before that we take the mutation frequency of spontaneous 
mutations as M = 0.001. Let this value be assumed in x = x9, then x9 corre- 
sponds to D = 0. If we substitute M = 0.001 and x = xo into (11) we can solve 
for the argument of the function H. Using the Tables of the W. P. A. Project 
FOR THE City oF New York (1941) we obtain: lim "—%e = 2.185, We 
non? co V2n 
x- n-x 


now put lim —*2 7, so that lim —— = 2.185-—z. It is important to 
ae nea ./2n 


note that z is a variable proportional to D. In terms of the new variable (11) 
becomes: 








Meo = 4{1—H(2.185—z)}, (z20) (12) 


By plotting M. against z one obtains the shape of the mutation frequency 
curve, with n—>oo, for values of M > 0.001. 

The results so far obtained have been plotted in figure 1 with solid lines. 
Curve a is Mj, curve b is Me, both curves calculated from (6): curve ¢ is 
Ma, calculated from (12). The curves for n= 3, 4, etc., not drawn in the 
figure, lie between curves b and c. For the sake of comparison the curves have 
been shifted and compressed in horizontal direction in such a way as to make 
them intersect at M = 0.001 and M =0.1. 

It is easily seen from figure 1 that the only curve which is essentially linear 
in the range considered is curve a, i.e., the curve based on a single event 
model. The curve for n= 2 deviates conspicuously from a straight line, and 
the deviation becomes greater with increasing n. 


Case 1b: (No, {; arbitrary). 


As in case la we denote by P,, the probability of exactly m events, and by 
a~1 

M, the probability of at least n events, so that we still have M,=1— = Pm: 
n= 


However, because of the arbitrariness of the f;, Pm is not necessarily given by 
Poisson’s formula (5), and, therefore, the expression (6) for M, may not 
hold in this case. We shall investigate. under which conditions the equations 
(5) and (6) will still be valid. 

The probability P, of no events at all is the product of the probabilities qi, 
given by (3): 
¥ 


N w 
P,= lim I q= lim Il exp [—f,x] =e 


Ro? co i=2 nooo im1 
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DOSE, ARBITRARY UNITS 

Ficure 1.—Mutation frequency M as a function of the radiation dose D, in the 
frequency range 0.001 ¢ M < 0.1, for several values of n and N. Curve a: n=], 
N arbitrary; curve b: n=2, N=00; curve c: n=0, N=; curve d: n=2, N=2. All 
other values of n and N give curves lying between the curves d and c. 

The single event curve a is compared with the multiple event curves b,c and d. The 
single event curve is approximately a straight line, whereas the multiple event curves 
are obviously curved. 


in view of (2). This is the same expression as given by Poisson’s formula 
(5), with m =0, so that the mutation frequency for n = 1, M; = 1-e7%, is the 
same as in case la. This result is independent of special assumptions con- 
cerning the fj. 


The probability of exactly one event is 


P,= lim > ne lim > (1-exp[-fix]) exp [(-1+£;)x], 
jri 


n> 00 imy n> oc 173 


which can be brought into the form: 


P,=e™ lim 5 (efi*~ 1) (13) 


n> oo i™1 


After expanding the exponentials under the surnmation sign, (13) can be 
written’ 


P,=e"* lim | 2 (fix+ Afx' +.» 6) (14) 
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It is impossible to examine the shape of P; unless we make some assumption 
about the f;. The physically most plausible assumption is that, although the 
f; may be quite different from each other, none of them will be very much 
larger than any of the others. In terms of our physical model this means that 
none of the events which can take place in the gene occurs with a much 
greater probability than any of the other events. Under this assumption, and 
in view of (2), it is clear that lim f; = 0 for each i, in such a way that 


N 
lim > £;"=0 for m2 2. 


n> Co 1™1 
N 

In (14) we keep only the terms of first order: P,=e™* lim, 2 fix=xe"* 
by virtue of (2). This is Poisson’s formula (5) with m = 1. Thus we get for 
M2 in case 1b the same expression as in case la, i.e., (6) with n=2. By the 
same type of argument it can be shown that, in general, P,, is given by (5), 
and, therefore, M, is given by (6) just as though all the fj were equal. There- 
fore, under the assumption made concerning the fj, we reach the same con- 
clusion as in case la. 

If we do not assume that none of the f; is extraordinarily large compared 
to any of the others, we must allow a possibility that, for instance, one of the 
f, is large compared to the sum of all the other fj. It can be shown that in this 
case an n-event model produces an (n—1)-event type curve, i.e., a curve 
given by (6) after replacing n by n—1. Physically the reason for this is clear: 
if the radiation dose is sufficient to produce with appreciable probability one 
of the events with small f;, the one event which is comparatively so much 
more probable will then have been produced simultaneously with almost cer- 
tainty, so that the existence of this event has no influence on the shape of the 
mutation frequency curve. Similarly, if there are k events, each of which is 
much more probable than the other N —k events together, the number char- 
acterizing the type of mutation frequency curve is reduced by k. In particular, 
if n=k+1, i.¢., the minimum number of events necessary to cause a muta- 
tion is one more than the number of exceptionally probable events, the muta- 
tion frequency curve will have the shape of a one event curve. 

Since there does not seem to be direct evidence against the above mentioned 
possibilities, we cannot quite exclude them. However, these exceptional pos- 
sibilities seem physically rather unreasonable and unlikely, and we shall not 
consider them any further. 


Case 2a: {N not > 1, i= i= same for all i 


The difference between this case and the preceding cases again lies in the 
expression for the probability P,, of exactly m events. As in case la, the 
probabilities of occurrence and of not occurrence of the i® event are 


p=l-exp -3] and q=exp [-3] respectively, independent of i. From this 


we derive: 
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reo(t}re=-()e-eEa))"(oEa)™ 


P. -() e*(e _ 1)” (15) 


or 


For m=0 we still have P,, = e~*, just as in the case N->0 so that M;, is 
still given by (6) with n = 1, representing a one event type curve. For P; we 
find from (15): P; =e-* N(e*/N-1), and after expanding the exponential 
we get: 
~ - x 
M,=1—P,~—P,=1~—e"* —xe * (tae ts) (16) 
The bigger N is, the more M2 approaches 1 - e—* —- xe—*, which is the expres- 


sion for Mg in the case la or b, and which was already shown to be non-linear 
in the pertinent range. In the worst case N = 2, in which we can write M2 as: 


M, = (1-e"F¥ 1(N=2) (17) 


This curve has been plotted in figure 1 as curve d (dotted line). Again the 
horizontal scale has been adjusted such as to facilitate comparison with the 
other curves. It is seen that curve d is very close to curve b, and can be 
distinguished very well from the one event curve a. Since the curves for n =2 
and N > 2 all lie between curves b and d, our conclusion holds for n = 2 and 
any N. 

If one investigates the curves for n=3 and various N: 2 3, it turns out 
that none of these curves is straighter than (1 -—e—*/*)%, Since the latter is 
curved more than (1-—e—*/*)?, is follows that all curves for n=3 and any N 
can be well distinguished from the one event curve M;. The same conclu- 
sion holds for higher values of n. 


Case 2b: (N not > I, f; arbitrary) 


Again we have M; given by (6) with n=1. Mg is equal to 
M,=1-—e7* —xe™™ [1+ 4x % f?+...]. 
ba | 
Under the same assumptions as made in case 1b, i.¢., that none of the fj is 
very large compared with the other fj, each f, is of the order of magnitude 
Ll N 
4, and therefore = f;’ is of the order N 21. We write SA7= 2, 
N ima NN is. N 


in which a is a constant close to 1. Substitution into Me gives: 


Mw1-e*—20* (1405 +04) (18) 
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Since the constant @ is close to 1, and appears in front of a term which itself 
is a correction term, Mz given by (18) is very close to Me given by (16), 
which was already shown to be appreciably curved. 

It can be shown that also for higher values of n the expressions for M, are 
well approximated by the corresponding expressions in case 2a, all of which 
yielded curves which could be well distinguished from the one event curve. 


CONCLUSION AND COMPARISON WITH OPATOWSKI’S RESULTS 


We conclude from the foregoing that, if our physical model is correct, a 
linear relationship between mutation frequency and radiation dose is a strong 
indication that a mutation is caused by a single event. 

The question arises why the conclusions of this paper are so very different 
from those reached in the papers by OpATowskI and OpaTowskI and Curis- 
TIANSEN. In order to answer this question we shall examine the equation de- 
rived in OPATOWSKI’s paper, which is equation (3) in that, paper, and which 
will be denoted here by (O3): 


P(D) = cf exp [—h?(x—M)* ] dx (03) 


In this equation D and S have the same meaning as in the present paper; P 
is the mutation frequency (which was called M throughout this paper); h 
and M are constants, the values of which can be chosen arbitrarily and. inde- 
pendently ; and C is determined by the normalization P() =1. 

The assumptions underlying Opatowsk1’s derivation of (O3) are equiva- 
lent with the assumptions of case la in the present paper. Therefore, we 
should be able to compare (O3) with (7), with the understanding that n > 1. 
Using the Gaussian approximation (9) and Stirling’s approximation (10), 
we can write (7) as: 


ee Se ee y-a+1y]a »>1 
° ea | en[- oe —— 





The integration limits in (19) are y =0 and y =x. In order to compare (19) 
with (O03) we have to introduce a new integration variable €: 


g=1-s (20) 


such that the integration limits become —S and D. Indeed, when y =0, €=-S, 
and when y =x, é=x/c-—S =D, according to eq. (1). In order to get (19) 
entirely in the form (O3) we replace the two constants n and c by two other 
constants M and h by making the substitutions: 


n=1+2h*(M+S) (21) 
¢=2h*(M+S) (22) 
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After substituting (20), (21) and (22) into (19) we get: 


M,Y——| — exp[-h?(E-M)"] dé (23) 


It 
vr J_, 


which is identical with (03). The only non-essential differences between the 
two equations are that the integration variable is called x in (O3) and é in 
(23), and that the normalization constant C which is left undetermined in 
(O3) is written down explicitly in (23). The value of C is only equal to 
h//n , though, if n > 1, but if this condition does not hold the derivations 
of both (O3) and (23) would be invalid anyway. 

So far there seems to be complete agreement. The difficulties arise only 
through a particular choice of values for the as yet undetermined constants 
in (O3). 

From eq. (21) follows that any choice of values for h, M and S determines 
the value of n. Since the whole derivation of (O3), and of (23) was based 
on the assumption of n > 1 we only have freedom to choose values for h, -M 
and S as long as they are not in contradiction with the requirement n > 1. 
OPATOWSKI tries to make (O3) fit a straight line, and succeeds with the 
following values of the constants: h = 2.5: 10-5 (roentgen)—!, M +S = 6642 
roentgen. After substitution of these values into (21) we obtain: n = 1.055, 
which certainly violates the requirement n > 1. Hence OpatowskI’s con- 
clusion, t.¢., that a many-event model can give a straight mutation frequency 
curve, is invalid. On the contrary, in trying to make (O3) fit a straight line 
it turns out that n is essentially 1, which is another proof that a straight line 
indicates a single event mechanism. That n does not turn out to be exactly 1 
is a result of the fact that the Gaussian approximation (9) is rather poor for 
such a small n. 

In a recent article by Boac (1951), in which he points out the fallacy in 
OpaTowSkt's paper in a slightly different way, a sketch is made of the inte- 
grand exp [-h? (x-—M)*] in (O3), using the previously mentioned values 
of the constants.* Due to the smallness of h this function falls off so slowly 
on both sides of the maximum, that at x =—S the function still has practically 
maximum value. Thus it becomes clear why this function comes closest to an 
aproximation of a simple exponential e~—*, indicative for a single event 
mechanism. 


SUMMARY 


The question whether a linear relationship between mutation frequency and 
radiation dose is a strong indication that a mutation is caused by a single 
event has been investigated in several cases, and answered in the affirmative. 
The results of the calculations, supporting this conclusion, are shown in the 


* The author is indebted to Dr. Boac for being able to see his manuscript before 
publication. 
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graphs of figure 1, in which the curves for multiple-event models are com- 
pared with the curve for a single-event model. 

An exception has to be made for the possibility that some events may occur 
with much higher probability than any of the others, in which case a multiple- 
event model could give rise to a single-event type curve. However, this case 
is physically unlikely. 

Finally it is shown that OpATowSkI’s curve, which is supposed to represent 
a many-event mechanism, actually represents a one-event mechanism, so that 
his conclusion that a many-event theory can give rise to a linear curve is 
unjustified. 
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HIS paper deals with a quantitative well-controlled response to X-rays: 

reduction of eye facet number in Bar-eyed flies. The experimental re- 
sults will be used to discuss the problem of the differentiation of the eye 
facets in general and the nature of the mode of action of the Bar mutants. 


MATERIALS AND METHODS 


Larvae of an inbred Bar-eyed race of Drosophila melanogaster were treated 
with X-radiation of dosages varying from 115 to 1840 r units. The strain 
used in these experiments was derived from a spontaneous reversion to Bar 
(B) from Bar-Infrabar (BB'). The latter stock has been kept with continu- 
ous inbreeding since its origin in 1931 from a mating between a heterozygous 
Bar by Infrabar female by an Infrabar male. Eggs were collected from 5—10- 
day-old adult flies on cardboard milk bottle caps on each of which a blob of 
cornmeal, molasses, brewer’s yeast, agar food was centered. Just before using, 
these blobs were saturated with the following solutions: solution (1) 50% 
distilled water, 50% Fleischman’s compressed yeast; solution (2) 88% 
distilled water, 10% molasses, 2% glacial acetic acid. Inverted one-half-pint 
urine analysis bottles served as containers for the flies while collecting eggs. 
The temperature during the egg laying was 24.0 + 1.0° C and the duration 
of the egg laying periods varied from 1% to 3 hours. The caps containing the 
eggs were put in 100x 15 mm Petri dishes and placed at 28.0 + 0.3°C; at 
which temperature the eggs and larvae continued their development until 
irradiated. During the time when irradiation was being done the entire set 
of Petri dishes including the controls were taken to the room where the X-ray 
machine was located. While in transit the Petri dishes were packed in a heavy 
cardboard carton which was wrapped in cotton batting, so that the tempera- 
ture could not deviate far from 28°C. Immediately after the completion of 
the treatments the treated larvae and the controls were returned to the 28°C 
incubator where subsequent development took place. The controls were picked 
at random throughout the experimental series and were treated exactly the 
same as all others except that they were not irradiated. The mid point of the 
egg laying period was used as the zero point in computing egg or larval age. 
When the adult flies emerged they were etherized and preserved in 95 percent 
alcohol until the facet counts could be made. In all cases the right eye only 
was counted. The facet counting was done by the senior author. 
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The irradiation factors were as follows: 100 KV, no filter, 10 mA, target 
distance 9.75 cm, dosage rate (including scatter) 1380 r/min in the middle 
of the blob, with the extremes 5-10 percent off in either direction. 

It was noted that rayed larvae pupate later than the controls, in agreement 
with the findings by Hussey, THompson, TENNANT and CAMPBELL (1932). 
No attempt was made to measure this effect. The X-ray treatment did not 
produce noticeable morphological effects in structures other than the eyes. 
Antennae, bristles, wings, halters, and legs appeared to be normal in the 
X-ray treated series. 


RESULTS 
Preliminary tests 


Preliminary tests were carried out to determine the effective dosage range 
and to find the general location of a radiosensitive period. The results are 
summarized in table 1. It was clearly demonstrated that X-rays reduce mean 
facet nuniber and that the period of response is largely confined to a definite 
radiosensitive period. Thus larvae that are treated before they are 45 hours 
of age show no reduction. Likewise, larvae that are 73-75 hours or older 
show no effect except when treated with 1380 and 1840 r. At these dosages 
there is a slight but significant reduction but the response is obviously not so 
great as with larvae X-rayed when younger. An abstract of the preliminary 
results has been published elsewhere (LucrE, CHASE and QuUASTLER 1948). 


Lethal effects 


The preliminary tests indicated that the egg and early larval stages are 
especially sensitive to X-rays in that only small numbers survived and pro- 
duced imagoes, agreeing with the results of PacKarp (1935). At all dosages 
above 115 r, so few larvae survived the treatments in these early stages and 
such small numbers emerged as adults that it was impossible to obtain even 
an estimate of the effect on the eyes. With the 115 r treatments sufficient 
numbers of adults emerged to obtain good averages for the facet numbers of 
the adult eyes. Here it was found in both the 5-23 and the 27-44-hr. age 
groups that the X-rays increased rather than decreased facet number. 

The lethal effect at other than the early stages was much less pronounced. 
With dosages of 920 r and less applied at 40 hours of egg larval life and at 
all later stages up to 86 hours, the number of adults that emerged as imagoes 
from the treated larvae was no different from the number emerging in the 
case of the controls. With dosages of 1380 and 1840 r, however, there was 
considerable lethality at all larval stages. The adults which emerged after 
treatment with these dosages were so weak, in many cases, that they became 
entangled in the food film and had to be removed with needles for preserva- 
tion. In some other cases the treated larvae produced completely formed 
imagoes that were unable to emerge from the pupal cases. These were dis- 
sected out with needles. In a very few instances at 1840 r the puparia which 
were dissected contained incompletely developed imagoes. The head region 
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TABLE 1 


Preliminary Tests. 

















Females Males 
Dose in Age at time Sane Saen 
r units of irradiation Bie, aia Stan. noe Rocune Stan 
number —— number — 
Control 60-82 76 41.5 0.5 82 44,7 0.5 
460 60-67 78 37.0 0.5 58 38.9 0,7 
460 73-82 35 43.2 0.6 47 46.8 0.8 
920 60-69 73 31.0 0.6 65 29.0 0.8 
920 70-82 34 43.2 | 29 45.7 1.0 
1840 60-67 40 19.0 1.4 29 10.3 TS 
1840 70 16 28.5 1.5 14 19.8 1.9 
1840 74-82 22 36.0 1.2 13 40.8 1.9 
Control 8-86 300 42.5 0.3 265 44.3 0.3 
115 5-23 43 44.8 0.6 44 48.1 0.7 
115 27-44 96 44.8 0.5 81 46.9 0.6 
115 47-53 69 41.4 0.6 64 41.2 0.4 
115 57-67 37 41.2 0.7 35 41.4 0.6 
115 77-81 16 42.5 } 26 45.9 0.8 
460 38-44 38 43.5 0.6 46 44.9 0.6 
460 47 23 40.0 0.7 20 40.9 0.6 
460 50-53 62 38.2 0.6 
460 50 38 38.8 0.8 
460 53 8 35.4 1.0 
460 57-65 47 36.3 0.6 45 36.3 0.6 
460 69 48 36.3 0.5 50 39.0 0.7 
460 73-81 57 43.4 0.7 4l 43.6 1.0 
920 34-44 38 43.3 0.6 24 44.0 0.9 
920 47-50 16 40.4 0.9 
920 47 8 38.8 1.0 
920 50 13 34.0 1,2 
920 53 18 33.2 1.0 13 33.0 1.5 
920 57-65 102 29.0 0.6 86 26.5 0.9 
920 69 12 51.3 1.4 > 26.6 3.4 
920 77-81 42 41.1 0.9 46 42.4 1.0 
1380 44 6 43.5 1.6 6 42.8 0.9 
1380 47-53 ll 36.1 pe 13 37.4 ya | 
1380 57-65 15 28.8 Jel 20 25.9 3.2 
1380 69 51 26.6 1.0 34 26.4 id 
1380 77-86 55 38.7 1.1 42 41,1 | 





was specially defective, usually consisting of a simple sac covered with an 
outer unpigmented integument with little or no signs of differentiation into 
hairs, bristles, antennae, and ommatidia. 


The radiosensitive period 


Table 2 and figure 1 record the results of tests to find more exactly the 
limits of the radiosensitive period for facet reduction. The dose used was 920 
r which, in preliminary test, had given good facet reduction and little mor- 
tality. In both sexes, the radiosensitive period begins near 50 hours. Maxi- 
mum sensitivity is reached between the 57th and 67th hour. At 77-80 hours 
nearly but not quite all sensitivity disappears. 
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TABLE 2 
Test for most sensitive period, 920 r raised at 28 degrees C. 
Females Males 
Age of larvae when 
irradiated No Mean facet Stan. N Mean facet Stan. 
i number error ™ number error 
Control 76 42.7 0.5 71 45.9 0.6 
40 46 42.5 0.5 40 45.5 0.7 
42 23 41.3 0.6 21 45.4 0.8 
44 49 41.5 0.6 50 41.5 0.7 
46 50 40.5 0.6 35 40.7 0.6 
48 50 41.2 0.6 41 41.8 0.6 
50 40 39.7 0.9 48 36.5 0.9 
52 34 38.4 1.0 41 35.6 0.9 
55. 27 39.1 0.8 33 34.2 1.0 
57 27 34.6 0.9 30 30.2 1.4 
59 25 26.8 0.8 24 24.4 0.8 
61 26 31.4 ee 40 26.4 0.9 
63 28 28.6 1.0 33 25.8 1.2 
65 39 etek 0.7 37 26.2 0.7 
67 35 28.6 1.0 25 29.4 1.3 
70 45 33.4 0.7 50 33.4 1.0 
73 60 34.6 0.6 59 ee 0.8 
77 35 34.5 a2 40 34.6 a3 
80 71 40.2 0.6 45 42.7 1.0 





In the preliminary tests, irradiation of older larvae with 920 r had not 
given any facet reduction, but 1380 and 1840 r had produced a reduction in 
facet count in those individuals which survived the treatment (see table 1). 
In the present test, a slight facet reduction resulted from 920 r administered 
to older larvae. These facts suggest that there is a process or processes acting 
on facet number in older larvae which is affected by X-rays beyond a certain 
threshold dose (near 900 r). This radiation effect might be and probably is 
different from the main effect, a facet reduction induced in larvae irradiated 
during the sensitive period. 


Dosage and mean facet number 


‘The effects of X-rays on mean facet number curing this most sensitive 
period, when the larvae are between 57 and 67 teurs of age at the time of 
irradiation, are shown in table 3 and figure 2. A special experimental test 
for determining this relationship was run with dosages oi 345, 460, 690, 1150, 
1380, 1610, and 1840 r. To the data of the above test, all of the results ob- 
tained from previous tests which had been made on larvae of the critical age 
were added. The relationship between mean facet number and X-ray dosage 
is nearly linearly proportional throughout the range of dosages used. The 
deviation from the lines are more marked for high doses; this may be at- 
tributed to high lethality and small sample sizes. The table and the graph 
bring out clearly that the effect of the X-rays in reducing facet number is 
more pronounced per unit dose in males (0.0189 per r) than it is in females 
(0.0136 per r). In the controls the mean facet number, as is usual in Bar 
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Ficure 1.—Dot diagram of right eye of males. Larvae treated with 920 r. Temperature 


28°C. Number of facets plotted against age in hours at time of irradiation. Data sum- 
marized in table 2. 


stocks, is lower in females than in males. Due, however, to the more pro- 
nounced effect of the X-rays on the eyes of males the curves for the sexes 
cross each other. It is interesting to note that other agents affecting the facet 
count (temperature, Luce 1935; Calliphora extract, CHEvAis 1943 etc.) 


show the same sex differences, the males being more affected than the females 
by equal stimuli. 


DISCUSSION 
Sensitive periods 
Several agents other than X-rays affect facet counts in Bar-eyed flies if 
applied during the larval stages of development. Among these are tempera- 
ture (see CHEVAIS 1943, and MarGoLis and RoBertson 1937 for the litera- 


ture); oxygen (Marcoris 1939; Luce 1939, 1940); formalin (HinsHaw 
1941; Luce 1942); extract from young pupae of the blow fly, Calliphora 
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TABLE 3 


Relation between mean facet number and X-ray dosage applied during most 
sensitive period. Larvae between 57 and 67 hours of age. 28 degrees C. 













































































Females Males 
ne Cal. facet Cal. facet 
‘ nn all Mean a number Mean — number 
No. facet pened 0.0136 No. facet de 0.0189 
number facets number facets 
perr perr 
Controls 452 42.4 0.2 42.4 418 44.6 0.2 44.6 
115 35 41.3 0.7 40.8 31 41.6 0.6 42.5 
345 37 40.1 0.7 37.7 37 41.6 0.9 38.1 
460 181 36.3 0.3 36.1 153 37.1 0.4 35.9 
690 20 33.5 0.8 33.0 21 33.9 1.4 31.6 
920 363 29.8 0.3 29.8 338 27.2 0.4 27.2 
1150 12 24.3 2.4 26.7 146 =21.5 2.6 21.7 
1380 40 23.2 1.8 23.6 47 19.7 1.8 18.8 
1610 33 18.2 a2 20.5 28 18.6 3.2 14,2 
1840 57 18.6 1.2 17.3 48 13.6 1.2 9.6 
45 
N 
\ 
| 
KS \ 
™ SY —_— FEMALE § 
N nt 2 
NN 
35 SSS 
a a 
ui ie 
B30 . 
2 NY 
4 Ny. 
© 25 — 
b ‘ Is 
“te. 
w > 1 
S 20 ee 
15 i ee 
% 5s 345 460 690 920 1150 1380 I6I0 i840 
X-RAY DOSAGE 
Ficure 2.—Mean facet number plotted against X-ray dosage. Age of larvae when 
irradiated between 57 and 67 hours (period of maximum sensitivity). Temperature 28°C. 
Solid lines females. Broken lines males. Data taken from table 3. 
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erythrocephala (CuEvats 1943). Temperature and formalin, like X-rays, de- 
crease facet number and in general act to intensify the Bar effect of facet re- 
duction. Infrabar is an exception, the facet number in this mutant increasing 
with rise in temperature (Luce 1926). The application of oxygen and the 
administration of Calliphora extract since they both increase facet number, 
suppress or are antagonistic to the Bar effect. One of the most striking rela- 
tionships emerging from the study of these environmental agents (except 
formalin with which critical tests have not been made) is that each produces 
its major effect when administered during a definite period in larval develop- 
ment. Furthermore, the evidence indicates that this sensitive period is the 
same for all within the limits of experimental error. These considerations 
clearly suggest that the environmental agents are producing the major part 
of the change in facet number by influencing some process or processes con- 
cerned with the formation of ommatidia that is in operation during the sensi- 
tive period. The results with X-rays, since they show minor changes in facet 
number occurring when treatments are made both before and after thé sensi- 
tive period, suggest that there are in addition other processes going on in the 
larvae at these times which play minor roles in modifying facet number. 


Development of wildtype and Bar eye 


Any explanation in biological terms of the effects of X-rays on the Bar 
mutant must rest on a knowledge of the development, growth and differentia- 
tion of the compound eye. This problem has been extensively studied by nu- 
merous workers (see STEINBERG 1941-1943 and Cuevats 1943 for the litera- 
ture). Early in the developing embryo the ectoderm in the anterior region 
inpockets to form a single pharyngeal pouch. Near the time the larva hatches 
from the egg invaginations from the lateral margins of the pharynx begin 
and growing posteriorly develop into right and left frontal sacs. By the time 
of 43-45 hours after deposition, the frontal sacs have each developed into 
two distinct imaginal discs; an anterior, antennal, and posterior, optic disc. 
By the same time each of the frontal sacs have become attached to the larval 
brain by the optic stalk. At this stage the entire structure is usually desig- 
nated as the cephalic complex. The optic disc continues to grow, becomes 
cup-shaped and is closely applied to the anterior lateral aspect of the larval 
brain. Throughout all these stages and up to about 80 hours after deposition 
the cells of the discs have continued to multiply as simple undifferentiated 
cells without aggregations of any sort. Now for the first time they begin to 
form aggregations of four cells each, the “ goblets” of STEINBERG (1943). 
These rudiments mark the beginning of visibly differentiated structures which 
will become the ommatidia of the adult eye. During the remainder of larval 
life the cells grow slowly and continue to form into such aggregations. During 
the prepupal stage the median walls of the cephalic complex fuse and disap- 
pear and the complex becomes a single large sac with an opening to the out- 
side at the anterior end of the prepupa. The end of the short prepupal stage 
is marked by the sudden eversion of the complex to form the head of the 
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pupa. It is evident that the complex by its eversion not only forms the eyes 
and antennae but also the integument of the sides of the head. The ommatidial 
rudiments continue to form throughout this period but still consist only of 
simple aggregations. By the end of the second day of pupal development the 
aggregations have become more complex, consisting of eight cells with a clear 
indication of a central rhabdome. In the three-day pupa the ommatidia are 
nearly completely formed and pigmentation of the eye is beginning. 

STEINBERG (1941-1943), Cuevats (1943), and Lewis (1949) have all 
made careful comparative studies of the development and growth of Bar and 
wildtype eyes in the larval stages. All conclude that the primordia are meas- 
urably smaller and have fewer cells in Bar than in wildtype from the earliest 
time of their appearance but that the rate of growth, while showing minor 
variations, closely corresponds in both. The timing of the processes is the 
same in both. STEINBERG extended his comparative study through the pre- 
pupal and pupal stages and found no differences except that there were fewer 
ommatidial rudiments in Bar. 

Correlating the timing of the developmental stages with the temporal loca- 
tion of the sensitive period, it appears that in relation to the formative stages 
of the eye this period begins shortly after the separation of the antennal from 
the optic discs and is over before the appearance of the simple aggregations 
of the cells in the optic disc which mark the first visibly apparent manifesta- 
tions of the ommatidial rudiments. 


The action of X-rays 


Irradiation very generally interferes with development. Irradiation of de- 
veloping embryos often causes anomalies. There is a correlation between the 
timing of irradiation and the type of anomaly produced. This suggests that 
irradiation preferentially affects processes which are in some critical stage. 
In the case under investigation, the developmental stage is characterized as 
critical not only because of the response, during this stage, to X-rays but by 
the fact that a number of other environmental agents also have been found 
to affect the facet number if applied during this stage. In the sections to 
follow the nature of the processes which make a certain developmental stage 
critical will be discussed. 

X-irradiation notoriously affects mitosis. The mitotic rate of the cells of 
the optic disc is, however, about the same during the sensitive period as at 
any other time of larval life. Thus, it is unlikely that the radiation effect on 
facet count is connected with the radiation effect on mitosis. 

The sensitive or critical period occurs between the time of separation of 
the optic from the antennal discs and the time of the first appearancé of the 
ommatidial rudiments, the “ goblets’ of STEINBERG. It is during this period 
that X-rays produce their major effect on facet number as do also the other 
environmental agents which are known to affect facet number in Bar. As the 
sensitive period is over just before the first appearance of the initial omma- 
tidial rudiments, the cells of the discs at this time are without much question 
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going through internal changes in preparation for the visible differentiation 
which is soon to follow. The X-rays must act by modifying in some way 
these internal changes. 

Cuevais’ (1943) experiments with Calliphora extract indicate that the 
cells of discs of the mutant Bar are deficient in a diffusible substance which 
is necessary for the differentiation of the cells of the optic bud into omma- 
tidia. This substance or some material which can be easily changed into it by 
the larva is present in the Calliphora extract. If the extract is administered 
in sufficient quantity the eye of Bar will have as many facets as that of wild- 
type. The extract to be effective in changing the size of the eye must be ad- 
ministered before the visible differentiation of the ommatidia begins. Ad- 
ministration of the extract to wildtype larvae has no effect on the size of the 
eye, showing that wildtype larvae normally possess the active principle in 
sufficient quantity for the process of differentiation to proceed with maximum 
efficiency. 

X-rays might act by effectively reducing still further the small amount of 
the active principle possessed by the Bar larvae, be it by direct inactivation, 
or by interference with production or utilization. Whatever the specific nature 
of the substance may be it is apparent that the X-rays are affecting the chemo- 
differentiation of the cells which is occurring in preparation for the beginning 
of visibly apparent differentiation. In other words, some precursor to mani- 
fest differentiation is affected which plays a decisive role in the determination 
of the cells that will become ommatidia. 

As to the effect of X-rays on facet number outside the sensitive period, 
with low dosages (115 r) there was a small increase in facet number due to 
application during the egg and early larval stage. The increase was very small 
and did not appear to be temporally localized at any age group but extended 
over the whole period from 5 to 40 hours. During this time the localization of 
the frontal sac cells from the pharynx, their invagination to form the sacs and 
the growth of each posteriorly takes place. The effect cannot be said to be 
associated with any one of these developmental processes and must be of a 
general nature occurring through all of them. Turning now to the effect on 
the older larvae of the 73-85-hour age groups when the larvae are definitely 
past the sensitive period of maximum response: the dosage response rela- 
tionship at these later stages was quite different from that during the sensi- 
tive period and indicates that the X-rays are acting on a different process than 
the one acted on during the sensitive period. Since visible differentiation of 
the optic rudiments in the eye discs is now taking place it seems plausible to 
assume that the X-rays are acting by slightly inhibiting the actual process of 
differentiation. 

The antennal bud is a part of the same structure as the optic bud up to 
approximately the time when the radiosensitive period sets in. It is of interest 
that the antennae are not affected by the environmental and genetic factors 
which change the facet number. 
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Action of the Bar mutants 


The comparative study of the eye of the Bar mutant and in the wildtype 
shows that there are two widely separated developmental stages in which 
major differences are found that can be said to be due to the action of the 
mutant Bar. The first demonstrable difference is that the eye primordia, at 
the earliest stage at which they have been definitely identified, are smaller 
and contain fewer cells in Bar than in wild type. The initial effect of the Bar 
mutant must occur in the processes that localize and determine the cells which 
will form the frontal sac. That such determination is actually taking place at 
this time is indicated by the experiments of HowLanp and Curtp (1933) and 
PATTERSON (1929). By puncturing the egg 4-8 hours after deposition and 
destroying some of the cells in the left lateral and dorsal mid-line region, 
How.anp and CuILp found that imagoes with missing and abnormal eyes 
resulted. PATTERSON found that when X-rays were applied early (0-12 or 
12-24 hours) the size of the resulting somatic mutant areas in the eyes was 
greatest in extent. In one case both eyes were involved and in several others 
eyes of half mutant tissue were obtained. The early effect has not been studied 
experimentally in Bar. 

The initial size difference between Bar and wildtype optic rudiments is 
maintained throughout larval life by their similar rates of growth. The size 
difference between the eye discs of Bar and wildtype has probably no decisive 
effect on the sizes of the definitive eye though minor differences in facet num- 
ber might be accounted for in this way. This interpretation receives support 
from the results of STEINBERG (1941b) who found that the m(B) factor did 
not measurably affect the size of the Bar disc when it was present in the 
genotype. The magnitude of the increase in facet number in the adult eye 
which could be ascribed to the m(B) factor was certainly great enough to be 
detected in this way if disc size always foreshadowed accurately the size of 
the eye. The secondary role of disc size in determining the size of the adult 
eye is further attested by Cuevais’ tests (1943) with Calliphora extract. He 
showed that Bar discs though definitely smaller than wildtype were capable 
when treated with purified extract of producing an eye as large as wildtype. 

The second stage in development when the Bar mutant differs from wild- 
type is during the sensitive period. Bar mutants when compared to wildtype 
under normal conditions always produce fewer ommatidia and more in- 
tegument or head chitin. That this difference is brought about by the action 
of the cells of the Bar mutants during the sensitive period is indicated by the 
effects of environmental agents upon the expression of the Bar alleles when 
applied during this period. If the agent employed reduces the number of 
ommatidia it increases the amount of head chitin and vice versa. The cells 
of the Bar mutants are deficient in a substance which is a necessary precursor 
for the initiation of differentiation into ommatidia. This deficiency may be 
brought about either by suppression or inactivation of the substance in the 
cells of the Bar discs or more probably simply because these cells produce it 
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in insufficient amounts. The various mutants of the Bar series and their het- 
erozygous combinations manifest the deficiency in varying degrees and thus 
account for the facet numbers of the phenotypes which are characteristic of 
each of the Bar mutants and each of their heterozygous combinations. 

The two effects of the Bar mutants though widely separated in develop- 
mental time are fundamentally similar. In the initial effect the process of 
localization of the original optic rudiment is affected, fewer cells become de- 
termined among the cells of the pharynx as cells which will develop into the 
frontal sacs. In the second case fewer cells of the optic bud become deter- 
mined to differentiate into ommatidia and are left to form head chitin instead. 


SUMMARY 


Larvae of Bar-eyed Drosophila, kept at a temperature of 28°C, which were 
irradiated with X-rays of dosages varying from 115 to 1840 r, developed into 
adult flies whose compound eyes had a smaller number of facets than un- 
treated controls. 

With a dosage of 920 r the effect of the X-rays was largely confined to a 
radiosensitive period extending from about 55 to 70 hours of egg-larval life 
with a maximum reduction occurring between 57 and 67 hours. 

The radiosensitive period closely corresponds to similar sensitive periods 
for other environmental agents affecting facet number in Bar-eyed Drosophila. 

The reduction in facet number following application of X-rays during the 
sensitive stage was nearly proportional to the dosage applied. 

In males the reduction in facets per unit dose was always greater than in 
females. 

The biological effect of the X-rays and the nature of the mode of action 
of the Bar mutants are discussed. 
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FTER Wuittnc (1940a, 1943) established conclusively that sex in the 

parasitic hymenopteron Habrobracon is controlled by multiple sex 
alleles, it became of interest to determine whether the same mechanism exists 
in other insects, in which males develop from unfertilized eggs and are haploid. 
The work described in this paper was started in 1944 at the SOUTHERN 
STATES BEE CULTURE LABORATORY, of the BUREAU OF ENTOMOLOGY AND 
PLANT QUARANTINE, to determine whether sex is controlled by the same 
mechanism in the honey bee. In this insect the problem was also of practical 
interest because it involved egg hatchability, which is of vital importance in 
the building up of colony populations for honey production. 

According to WHITING, sex in Bracon hebetor Say? is controlled by a 
series of sex alleles (xa, xb, xc, etc.). Females are heterozygous («a/xb, 
xa/xc, etc.), and when unmated produce haploid sons of two types in equal 
numbers (+a and xb, xa and rc, etc.). When females are mated, about two- 
thirds of their eggs are fertilized. If the parents have different sex alleles 
(xa/xb x xc, for example), all fertilized eggs develop into females (+a/xc 
and +b/xc). This is called a three-allele fraternity. If one of the sex alleles 
of the female parent is identical with that of the male parent (+a/xb x xa for 
example), then one-half the fertilized eggs are heterozygous (xa/xb) and de- 
velop into females, and one-half are homozygous (*a/xa) and highly inviable 
but sometimes develop into adult biparental males. This is called a two-allele 
fraternity. Haploid males are highly viable. Inbreeding tends to bring to- 
gether identical sex alleles, resulting in low viability, whereas in outcrosses 
such combinations are less likely and good viability usually occurs. WHITING 
has already demonstrated nine alleles, and there are probably many more 
present in the wild population. Their allelic nature has been demonstrated by 
linkage tests. 

Although Bracon hebetor is the only species in which the existence of 
multiple sex alleles has been proved, genetic work suggests that the sex-deter- 
mining mechanism is the same in other members of the genus and in other 
Hymenoptera in which outcrossing is common. In B. brevicornis Wesmael, 
SPEICHER and SPEICHER (1940) found biparental males. INaBa (1939) has 


1 In cooperation with LouistANA STATE UNIVERSITY. 

2 Usually treated in Wuutinc’s papers under the name Habrobracon juglandis 
(Ashm.). On account of its familiarity to geneticists the term “ Habrobracon” is retained 
in this paper. 
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reported biparental males and evidence for multiple sex allelism in Habro- 
bracon pectinophorae Watanabe, but this species seems to be identical with 
Bracon hebetor (Wuitinc 1949). In the chalcidoid wasp Pteromalus pu- 
parum (Linnaeus) genetic evidence obtained by Dozorceva (reviewed by 
WHITING 1940b) suggests two- and three-allele fraternities and multiple 
alleles. In these forms, in which outcrossing is the rule, the waste of repro- 
ductive effort through low viability would not be a serious matter. In close- 
crossed species, however, where frequent two-allele fraternities would cause 
a great waste of eggs, the multiple-allele scheme does not seem to apply in 
the species that have been studied. In Melittobia, in which mother-son and 
sibling matings are the rule with rare outcrossing, SCHMIEDER and WHITING 
(1947) found neither diploid males nor low viability in close crosses—an in- 
dication that the method of sex determination may be different. In another 
naturally close-crossed species, Telenomus fariai Lima, DrEyFus and BREUER 
(1944) report no biparental males and present cytological data to show that 
females are heterozygous for sex, having X and Y chromosomes which are 
distinguishable. The males developing from unfertilized eggs have an X 
chromosome in all the somatic cells and in the early spermatogonia. In sper- 
matogenesis the X is reduced to a Y by loss of a fragment, so that all sperms 
are Y-bearing. It is assumed that through differential maturation in oogenesis 
the Y passes into the polar body and that the egg pronucleus always receives 
an X. Manninc (1949) describes a similar mechanism in the honey bee, 
except that there is no Y chromosome. All eggs become X-bearing through 
differential maturation, and in spermatogenesis the X is extruded so that all 
sperms contain only a set of autosomes. Two sets of autosomes plus an X 
determine femaleness, and one set of autosomes plus an X determines 
maleness. 

Since the honey bee is naturally outcrossed, we should expect its sex 
mechanism to conform more closely to that of Habrobracon than to that of 
close-crossed species. This paper describes viability tests and gives relevant 
data that suggest conformity to the Habrobracon scheme. 


MATERIALS AND METHODS 


If in Habrobracon we start with a three-allele mating, such as xa/xb x xc, 
and make individual sibling matings for two generations, viability will follow 
a definite pattern. In the first generation one-half of the fraternities will be 
the two-allele type, exhibiting low viability of zygotes, and one-half will be 
of the three-allele type, exhibiting high viability of zygotes. In the second 
generation, if we breed from a low-viability (two-allele) fraternity, only low- 
viability fraternities will result, and if we breed from a high-viability (three- 
allele) fraternity, the results will be the same as in the first generation. 

The same plan was followed with the honey bee. A naturally mated queen 
producing progeny of high viability was chosen. Daughter queens were mated 
individually to their brothers, and the worker progeny (from fertilized eggs 
in worker cells) tested for viability to the fifth day. Granddaughter queens 
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were then reared from one of the daughters producing highly viable worker 
progeny and from one producing poorly viable worker progeny, and mated 
individually to their brothers. The resulting worker progeny were tested for 
viability to the fifth day, and some to the nineteenth day just before emer- 
gence. The nineteenth-day counts were not made at random, but in all tests 
conducted after a certain date. 

Mating was controlled as completely as is possible in the honey bee. All 
matings were by artificial insemination by the method described by MACKEN- 
SEN and Rosperts (1948). The insemination syringe was sterilized between 
matings. All drones were reared in colonies stocked with bees of a distin- 
guishable color, so that drones from laying worker bees could be recognized 
and discarded. 

A viability test was made as follows: When the queen started laying, the 
nucleus (small colony) was strengthened with bees and brood if this seemed 
necessary. The queen was caged in an excluder cage (one which permits the 
passage of bees but not of the queen) on a specially prepared or selected 
comb. Such a comb was usually taken from another nucleus—a comb in which 
the queen had not yet started laying but in which the worker bees had already 
polished the cells in a well-defined area surrounded by pollen. When such 
combs were not available, a clean comb was prepared by adding pollen in a 
ring around the central area. The queen was restricted to one side of the 
comb for 24 hours and then to the other side for a similar period. The ex- 
cluder cage was then removed and the queen confined in a small screen cage 
hung in the nucleus to prevent excessive production of queen cells. At the end 
of each 24-hour laying period the eggs were counted in a rectangular portion 
of the laid area, and the larvae were also counted on the fifth day. At the last 
count the oldest larvae were therefore five days old and the youngest four 
days old. Eggs normally hatch in 76 hours, but it is so difficult to see them 
that they cannot be counted in great numbers. 

The viability tests on the second generation were made without the use of 
an excluder cage. A nucleus hive containing three standard Langstroth frames 
was used. As soon as the queen was laying well, the center comb was simply 
replaced with a selected or prepared test comb. Providing side combs solidly 
filled with honey and pollen forced the queen to lay in the test comb. After 
the queen had layed for 24 hours, the eggs were counted. Counts were again 
made on the fifth and nineteenth days. 

These counts do not record the time of death, but the number of individuals 
Temaining apparently alive at the various stages. Although nurse bees remove 
dead ‘remains quickly, there is certain to be some delay. In these tests 
shriveled eggs and dead larvae or pupae were rarely seen, and a check of 
sealed brood showed that a count of the normally capped cells on the nine- 
teenth day was accurate. 

Viability tests were also made on drone eggs (unfertilized). Since these 
tests were made during the-summer, when queens are unlikely to lay drone 
eggs and bees are unlikely to care for them properly, special methods were 
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necessary. Special combs were prepared by inserting rectangular pieces of 
drone comb about 3 by 4 inches in the center of a worker comb. Pollen was 
packed into the cells at both ends of each comb, so that only a small area of 
empty worker cells surrounded the drone cells and the queen was thus forced 
to lay in them. In other respects the method was similar to that described for 
worker brood. Often several days elapsed before eggs were laid in the drone 
comb. 

Mated queens ordinarily lay only fertilized eggs in worker cells and un- 
fertilized eggs in the larger drone cells. However, artificially mated queens 
sometimes receive so few sperms that some of the eggs laid in worker cells 
are not fertilized. Such queens are called partial or complete drone layers, as 
the case may be, and can be recognized by the appearance of the cappings of 
sealed brood, the cappings over drone larvae in worker cells being more 
rounded than those over worker larvae. Eleven such queens were excluded 
from the worker brood viability data. 

A queen forced to lay on drone comb will often lay fertilized eggs. As in 
worker comb, worker larvae are capped flat and drone larvae rounded. Rarely 
was a flat capping found in the drone brood tested in these experiments. 


RESULTS 
Viability tests on worker brood 


Of the eight queens tested in the first generation, four produced brood of 
low viability to the fifth day—45, 45, 48, and 49 percent; the other four 
produced brood of high viability—90, 95, 96, and 97 percent. At least 742 
eggs of each queen were counted. 

The second-generation queens are divided into two groups: (1) daughters 
of a first-generation queen producing brood of low viability—45 percent on 
the fifth day; and (2) daughters of a first-generation queen producing brood 
of high viability—90 percent on the fifth day. The results are given in table 1. 
In the first group all 34 progenies tested were poorly viable, ranging from 43 
to 66 percent, with an average of 51 percent. Twenty-seven tests carried to 
the nineteenth day revealed brood ranging from 32 to 49 percent in viability, 
with an average of 43 percent. Progenies of the second group fell definitely 
into a high and a low class, as in the first generation, with 10 in the low 
class and 16 in the high class. On the fifth day the low class ranged from 41 
to 59 percent (average 52), and the high class from 88 to 97 percent (average 
94). On the nineteenth day the corresponding figures for tests carried to this 
stage were 34 to 46 percent (average 43), and 85 to 97 percent (average 91). 

The nineteenth-day counts showed that total viability remained in the high 
class when the fifth-day count was in the high class, and that the nineteenth- 
day viability was definitely low in tests in which the fifth day count was in the 
upper part of the low-viability class. By this time the two highest fifth-day 
counts (66 percent each) were reduced to 34 and 48 percent. 

To determine at what age death usually occurs, more frequent counts were 
made on brood of two queens producing low-viability brood. The results are 
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TABLE 1 
Viability of worker brood produced by second-generation queens. 




















Brood of daughters of a first- Brood. of daughters of a first- 
generation queen producing generation queen producing 
poorly viable brood highly viable brood 
a om Percentage surviving Musiuee Percentage surviving 
of eggs Sth day 19th day of eggs Sth day 19th day 
125 66 34 528 53 ses 
714 55 ey 484 54 46 
577 50 49 621 52 34 
980 48 46 674 51 45 
854 54 41 819 54 aa 
696 49 39 726 57 45 
501 50 43 849 53 see 
936 49 46 810 41 Ea 
279 55 32 903 49 46 
593 66 48 943 59 ais 

371 49 47 eave sank 

911 50 is ibe _ oe 
566 54 35 975 96 93 
328 52 mae 370 95 88 
484 50 ata 765 93 90 
804 46 45 921 97 97 
774 49 47 696 96 eee 
600 48 45 857 97 96 
825 51 48 649 93 91 
446 50 ao 884 94 89 
562 43 40 518 88 86 
688 48 45 863 97 94 
415 47 43 514 93 92 
418 50 47 763 93 ee 
259 45 esse 859 94 sinh 
216 49 40 319 91 87 
720 53 44 428 97 96 
725 49 47 344 95 85 
602 49 44 sive ats ee 
851 48 ies 

487 61 42 

649 48 47 

900 50 49 

660 57 36 





given in table 2. The greatest loss occurred between the third- and fourth-day 
counts or just at the time of hatching, as in Habrobracon, The viability did 
not drop below 50 percent until after the ninth day. Apparently some of the 
homozygotes live to this stage. 


Viability of drone brood 


Tests were made on drone brood to determine the viability of unfertilized 
eggs. Two’ tests on the drone brood of a queen whose worker brood was 45 
percent viable on the fifth day gave the following results: 232 eggs tested 
94 percent viable, and 261 eggs tested 83 percent viable. Three tests on drone 
brood of another queen, whose worker brood tested 48 percent viable on the 








SEX DETERMINATION IN THE HONEY BEE 505 


TABLE 2 


Percentage survival of low-viability broods from two queens. 











Queen oo Days after beginning of test 
~~ Se § 5 © Foe Se eee ae 
S8 484 98 95 60 54 53 52 47 46 46 
S-17 726 97 94 59 57 56 52 47 46 45 





fifth day, gave the following results: 188 eggs tested 65 percent viable; 164 
eggs, 90 percent viable; and 229 eggs, 74 percent viable. In low-viability fra- 
ternities, therefore, unfertilized eggs are more viable to the fifth day than 
fertilized eggs. 

Results are also available from tests on the brood of six mated queens that 
produced nearly 100 percent of drone brood. The intention being to test 
fertilized eggs before it was known that the queens were drone layers, the 
tests were conducted in worker combs. The number of eggs tested and the 
per cent viable to the fifth day in these tests were as follows: 219, 87 percent ; 
244, 83 percent; 341, 89 percent; 167, 91 percent ; 369, 88 percent ; and 230, 
90 percent. Later counts were not attempted because many drones die from 
lack of room in worker cells. Data from all these drone-brood tests show that 
viability is associated with fertilization, as in Habrobracon. 


Tests for biparental males 


In Habrobracon biparental males can occur when identical sex alleles come 
together in a mating. They are phenotypically recognizable when a recessive 
female is mated to a wild-type male. In such a mating uniparental haploid 
male progeny are recessive and the biparental diploid males are wild-type. 
In the honey bee a further requisite for the absolute identification of biparen- 
tal males is that they be reared in a colony stocked with bees of a contrasting 
body color, so that the haploid sons of wild-type laying workers, which occa- 
sionally occur in any normal hive, can be distinguished from the diploid bi- 
parental sons of the queen. 

The first attempt to recognize biparental males was made in a line carrying 
the recessive mutant white, causing a complete lack of pigment in the eyes. 
This line was maintained by sibling matings in such a way that biparental 
males could be recognized every other generation. No such males were found, 
although for several generations thousands of biparental individuals emerg- 
ing from worker comb were examined for each generation. In this material 
conditions weré not the most favorable, because it was not certain that the 
line had been reduced to two alleles. 

Another attempt was made in a stock carrying the recessive mutant cor- 
dovan, which changes the black body pigment to various shades of brown, 
cordovan appearing in the thorax. This stock was supplied by the Division 
oF BEE CuLTurRE, Beltsville, Maryland. Heterozygous queens were mated 
individually to their brothers, and a two-allele mating, one producing brood 
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of low viability, was then chosen to continue the line. Homozygous cordovan 
daughters were then mated to wild-type brothers. Viability of the worker 
progeny of these matings was low, the line having apparently been reduced 
to two alleles as expected. Biparental males were expected to be of the wild 
type in contrast to the cordovan of the usual haploid males. The progeny of 
two queens were examined. The queens were caged on a fresh comb every 
few days. Drone comb was used, so that all abnormal individuals, biparental 
males, haplo-diploid males, or sex mosaics had the advantage of developing in 
large cells. Of the 12,533 individuals examined, 8,603 were wild-type workers, 
3,929 were cordovan drones, and 1 was a sex mosaic with the female parts 
wild-type and male parts cordovan. 
DISCUSSION 

The parallelism between Habrobracon and the honey bee brought out in 
these experiments strongly suggests that the mode of sex determination is 
the same in the two insects. At least there seems to be in the honey bee a 
series of haploviable homozygous lethal alleles similar in lethal action to the 
sex alleles of Habrobracon. That such a lethal mechanism is at work, and 
that it is probably universal in the honey bee, lending support to its associa- 
tion with sex, is amply substantiated by experience in bee breeding since 
these experiments were made. Mother-son (two-allele) matings in material 
from various sources representing two races have invariably resulted in low 
viability. Two-allele lines established by such matings have continued to 
show low viability and to breed as two-allele lines. Crosses by individual mat- 
ing between two-allele lines fall into one of three classes as expected: (1) all 
progenies of low viability, showing that the alleles are the same; (2) all 
progenies highly viable, showing the alleles to be different; and (3) one-half 
the progenies highly viable and one-half poorly viable, showing that the two 
lines have one allele in common. This procedure is now being used to estab- 
lish two-allele tester lines with definitely identified alleles for use in deter- 
mining the alleles of any unknown breeding stock. 

Although biparental males, which are necessary to prove a relation to sex, 
were not found, apparently many of the homozygotes live to various stages 
of larval life. In low-viability broods the survival counts on the fifth day 
average higher than 50 percent, and in table 2 the ninth day counts are 
higher than 50 percent. Perhaps by selection a strain can be developed in 
which some live to maturity. 

If sex is determined as MANNING suggests, then the lethal alleles must be 
autosomal and have no connection with sex. It is difficult however to imagine 
the survival of such a wasteful series of lethals unless it is associated with 
something as vital as sex. 

Since inbreeding often brings about low viability and a waste of eggs and 
young larvae, we would expect the honey bee to have developed behavior 
patterns that promote outbreeding. This is the case. Mating does not take 
place in the hive where severe inbreeding would result, but on the wing where 
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drones from other colonies are available. In the wild state bees live in hollow 
trees and cliffs and are widely scattered. A queen mating near her own hive 
would probably meet a drone from her own colony—one of her brothers. 
Mating at a distance would increase the chance of meeting a drone from an- 
other colony. Some observations indicate that virgin queens do mate at some 
distance from their own colony. 

In a favorable open location fifty virgin queens were followed with the 
eye until they either met drones or passed beyond the range of vision. After 
leaving the hive the virgins flew in ever-increasing circles until a radius of 
about 50 feet was reached, and then headed straight away from the queen 
yard. Two of the virgins were caught by drones while still circling and they 
dropped toward the ground, but neither drone nor queen could be found on 
the ground. The others were followed closely by one or more drones as they 
circled, but as they headed away from the queen yard they invariably were 
alone until they disappeared from view. From these observations it appears 
that they deliberately avoid drones near their own hive. 


PRACTICAL CONSIDERATIONS 


One of the main factors in the honey production of the bee colony is its 
population, which in turn is largely dependent upon the laying capacity of 
the queen and the efficiency within the brood nest. The number of eggs a 
queen can lay in a day is limited, and if half her eggs and young larvae die, 
as in a two-allele mating, the queen does not have the capacity to lay the 
additional eggs required to maintain the colony at full strength. In addition, 
the efficiency within the brood nest is reduced when half the eggs and young 
larvae occupy cells for three days or longer only to die and be removed. The 
brood becomes spotted and the queen cannot follow her regular laying pat- 
tern, but must hunt for scattered empty cells. This inefficiency may be a 
very critical factor early in the spring, when the brood nest is limited to a 
small space that the bees can keep warm. 

The fact that about one-half of all queens mate a second time (ROBERTS 
1944) reduces the amount of very low viability, because under the usual con- 
ditions existing in queen yards a queen is not likely to meet a drone with a 
similar lethal allele at both matings. Theoretically, the brood of twice-mated 
queens ranges in viability from 50 to 100 percent depending on the types and 
proportion of types of sperm received. Although minimized by double mat- 
ing, the effect of lethal alleles is still serious, especially because the reduction 
in efficiency is often too slight to be readily recognized by the beekeeper. 

It is therefore greatly to the beekeeper’s advantage to have his queens 
properly mated as to lethal alleles. He must avoid inbreeding and select for 
good brood quality to keep as many alleles in the strain as possible. The most 
convenient way for the queen producer to do this is to be sure that, for each 
generation, the breeder queens (already mated) he uses as a source of virgins 
are descended from different mothers than those he uses as a source of drones. 
Each season he should use several breeder queens for the production of vir- 
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gins and severa! for the production of drones. When too much brood of poor 
quality appears, he can outcross to an unrelated strain. A system of criss- 
crossing strains might be advantageous. Finally, with the aid of artificial in- 
semination, he can establish and maintain inbred lines containing known sex 
alleles and then cross them in the best combination. The last method is beyond 
the facilities of the individual breeder, but can be carried out by cooperative 
and agricultural research agencies which can distribute foundation stock for 
the production of hybrids by the commercial queen producer. 


SUMMARY 


Experiments were conducted at the SOUTHERN STATES BEE CULTURE 
LABORATORY, of the BUREAU OF ENTOMOLOGY AND PLANT QUARANTINE, to 
ascertain whether the sex-determination mechanism in the honey bee (Apis 
mellifera L.) is similar to that of the parasitic hymenopteron Habrobracon, 
in which there exists a series of sex-determining alleles, xa, +b, xc, ete. 
Heterozygotes are females, azygotes males, and homozygotes biparental males 
which are highly inviable. 

Evidence was presented which supports the existence of a similar mecha- 
nism in the honey bee. When individual sibling matings were made for two 
generations, the viability of the worker progenies followed the same pattern 
expected if similar matings were made in Habrobracon. Although the data 
obtained show the existence of a series of haploviable homozygous lethal 
alleles similar in their lethal action to the sex alleles of Habrobracon, a rela- 
tion to sex was not established because biparental males were not found in 
crosses of homozygous recessive females to wild-type males. 

In sex determination the outcrossed honey bee is apparently more like 
Habrobracon and other outcrossed Hymenoptera than like the close-crossed 
species in which neither biparental males nor low viability occur in close 
crosses. 

Observations are recorded which indicate that queens have a natural ten- 
dency to mate away from their own hives, thus avoiding inbreeding. Since 
inbreeding brings together similar lethal alleles and lowers brood viability, 
colony population, and honey production, it should be carefully avoided in 
commercial beekeeping practice. 
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HE genetic analysis of mutation represents one of the classic lines of 

investigation of the nature of the gene. A serious difficulty with this 
approach has been the rare occurrence of spontaneous mutation at most gene 
loci. As a consequence, geneticists have sought methods to speed up muta- 
tion rates artificially, by various means, notably irradiation and chemical 
treatment, and recently selection of genetic modifiers (STADLER 1946, 1948, 
1949). 

The way was paved for a different attack upon this problem by the work 
of EMERSON with a strain of maize that was variegated for colored and color- 
less pericarp. He showed (Emerson 1914, 1917, 1929) that the variegation 
was inherited as if due to an unstable form of the gene for colored pericarp, 
and that the self-colored kernels found occasionally on variegated ears, were 
attributable to mutation of the unstable form to a stable dominant allele. 

Unstable genes in Drosophila and Delphinium were studied by DEMEREC. 
His results, together with those of other workers have been summarized in 
a review article (DEMERECc 1935). 

In a series of investigations on the dotted gene in maize, RHoaApeEs (1936, 
1938, 1941a, 1941b, 1945) established the occurrence of a unique sort of in- 
stability. In this material, a dominant allele at the dotted locus on chromo- 
some 9 specifically induces the mutation of a recessive allele at the a, locus 
on chromosome 3. 

The work to be presented in this paper deals with another unstable gene 
in maize, called mutable-waxy. It was found by Hutcuison in 1921, in 
an ear resulting from the pollination of a plant supposed to be non-waxy 
(Wx Ws). This ear contained some kernels mosaic for the waxy phenotype, 
i.e., some endosperm cells stained red with iodine, a test for the recessive 
waxy phenotype, while others gave the blue-black stain produced in the pres- 
ence of the Wx allele. 

Preliminary studies were made of this mosaic material by EMERson, by 
DeEMEREC, and later by RHoapeEs (all unpublished). From their data, it ap- 
peared that the mosaicism might be due to an unstable recessive allele at the 
waxy locus, which arose by mutation from W« and which mutated to the 
dominant form, presumably, in both somatic and germinal tissues, at an ex- 
tremely high rate. 


* The cost of the accompanying plate has been paid by the GALTON AND MENDEL 
MEMoRIAL FUND. 


1 Present address: The Rockefeller Institute for Medical Research, New York City. 
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This material was of interest for several reasons. In the first place, the 
waxy locus has been noted for its extreme stability. In the forty years that 
this locus has been used as a marker by geneticists, less than ten distinct, 
independent mutations (from dominant to recessive) have been reported 
(ANnprEs and Bascrotii 1941; Bear 1944; Breccer 1928; Cottins 1920; 
MANGELSDoRF 1924). STADLER (1930) studied mutation rates of the domi- 
nant alleles at eight different loci in maize, and found mutations at all loci 
except the waxy, where none was found in almost two million gametes 
examined. 

Presumably related to this stability is the paucity of alleles known at the 
waxy locus. Only two (Wx and wx) were known until 1941 when ANDRES 
and Bascrotii described waxy-argentine (wa*), an allele very similar to 
the recessive, wx. There are several phenotypic differences attributed to the 
waxy alleles. Of these, the difference in relative amounts of the two types 
of starch molecules (amylose and amylopectin) present in endosperm starch 
has lent itself best to qualitative and quantitative differentiation. As a result 
of recent advances in starch chemistry (summarized by Meyer 1942; Hassip 
1943) and due especially to the potentiometric titration method of Bares, 
FRENCH and RuNbDLE (1943), the effect of various combinations of waxy 
alleles on the percent amylose in endosperm starch has been measured with 
considerable precision (SPRAGUE, BRIMHALL and Hixon 1943; BrRIMHALL, 
SPRAGUE and Sass 1945). 

It was expected that stable mutants might be recovered from this unstable 
stock, and if so, the titration method could be used to characterize them with 
respect to amylose-amylopectin ratio. With this analytical tool, new alleles, 
not visually distinguishable could be detected, and in view of the apparently 
high mutation rate, it was hoped that the full mutational potentialities of 
the waxy locus might be expressed. 

Related to the usefulness of this locus for studying allelism, is the fact that 
both mutation and gene action are accessible to investigation. Most studies 
of mutation have not been concerned with the metabolic role of the gene and 
similarly most gene action analyses have not simultaneously considered the 
mutational behavior of the locus in question. It seemed that a joint attack 
upon both the mutational and metabolic behavior of a single locus might be 
fruitful, and that the waxy locus provided material for such an approach. 


DESCRIPTION OF THE MATERIAL 
1. Phenotypes of the stable alleles 


The waxy locus became known when Cotttns (1909) found the recessive 
allele in some corn growing in China. He named the locus “ waxy ” because 
of the waxy, opaque appearance of kernels homozygous for the recessive 
allele, wa. That waxy and non-waxy kernels could be distinguished by the 
iodine staining reaction of their endosperm starch was reported by WEATHER- 
wax (1922). Subsequently, DEmEeREc (1924) and Brink and MAacGILtiv- 
RAY (1924) found that red-staining and blue-staining pollen grains were pro- 
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duced in equal numbers by Wx wx plants. Both the haploid pollen grain and 
embryo sac contain starch of a composition determined by the particular 
waxy allele present. Starch of the maize embryo is always blue-staining re- 
gardless of the waxy genotype, as is starch found in other parts of the 
sporophyte, such as leaf and root-cap. 

The naturally occurring granular starches that stain blue with iodine are 
mixtures of two types of molecules, amylose and amylopectin, according to 
the two-component theory of starch structure (Meyer 1942; Hassip 1943; 
Scuocu 1945). Waxy corn starch, which stains red with iodine, is reported 
to consist 100 percent of amylopectin, while endosperm starch from non- 
waxy kernels (Wx Wx Wx) is reported to contain about 28 percent amy- 
lose, the rest being amylopectin. According to BrRiIMHALL, SPRAGUE and 
Sass (1945), endosperm starch of kernels homozygous for w2* contains 2.4 
percent amylose, and by difference, 97.6 percent amylopectin. 

Other differences besides starch composition have been demonstrated be- 
tween waxy and non-waxy phenotypes. These, as well as the principal pheno- 
typic differences, are summarized in table 1. In this investigation, the cri- 
terion for allelic differentiation has been limited to starch composition. 


2. The mosaic phenotype 


When the endosperm of a mosaic kernel is observed closely, some areas 
appear opaque, and others relatively translucent. If dilute iodine (I,-KI) is 
applied, the opaque areas turn red, and the translucent areas blue. It then 
becomes evident that the iodine-staining property is cell-specific. A blue- 
staining area consists of a cluster of blue-staining cells; the area ends abruptly 
at the outermost cell walls. The same is true of the red-staining areas. Indi- 
vidual cells contain all red-staining starch grains, or all blue-staining ones, 
but never a mixture of the two. 

When a section of mosaic endosperm is observed under magnification 
(36 x), small clusters of cells which are intermediate in staining color (laven- 
der) are sometimes found. They, too, are clearly demarcated at the cell wall 
from adjoining cells which may be either red-staining or blue-staining. 

Mosaic patterns of all sorts have been observed. A few characteristic types 
are shown in figures 1-4. In each case, the outer cell layers have been filed 
away, exposing endosperm tissue, which has been stained with dilute iodine 
solution. The intense blue-staining areas appear dark; the pale red-staining 
areas appear light. These pattern-types were selected from the veritable con- 
tinuum which have been observed, ranging from kernels with less blue-stain- 
ing spots than those of figure 1 to kernels with less red-staining areas than 
those of figure 3. 

In addition, sectored kernels have been found in which one area of the 
kernel has an entirely different pattern from another. The dividing line is 
often sharp, as. in figure 4. Although the most striking kernels are those 
which are sectored half-and-half, small sectors of differing pattern are also 
common. These patterns will be considered further in the section: “ Muta- 
bility as a Phenotype.” 








Ficures 1-4.—Mature kernels, sectioned and stained with IKI to show mosaic dis- 
tribution of starches. Red-staining (waxy) starch appears light; blue-staining (non-waxy) 
starch appears dark. 
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Tassels from plants carrying the factor for mosaic waxy endosperm were 
found to contain both red- and blue-staining pollen grains. Kernels of the 
type shown in figure 3 gave rise in most cases to plants with tassels contain- 
ing almost entirely blue-staining pollen. The pollen of plants from kernels of 
other types exhibited great diversity in ratios of blue-staining to red-staining 
pollen from individual anthers. The distribution of ratios did not indicate the 
presence of clear-cut sectors. The percent of blue-staining pollen was high 
and extremely variable. Both blue-staining and red-staining pollen grains 
were of normal size and appearance. 

No mosaic pollen was found (i.e., single pollen grains containing both 
red-staining and blue-staining starch grains). This is consistent with the ob- 
servation that no mixtures of red- and blue-staining starch grains were found 
within single endosperm cells. 


THE MUTATION HYPOTHESIS 


On the basis of earlier observations it seemed plausible that mosaic kernels 
were due to somatic mutations, and the non-waxy kernels found on ears 
predominantly mosaic, resulted from germinal (pre-fertilization) mutations. 
On this hypothesis, the tremendously high mutation rate would be attributed 
to an unstable form of the waxy gene, wa”, which mutates in both sporophyte 
and endosperm, and which arose by mutation from Wx, the dominant allele. 
Experiments were carried out to test this hypothesis. 


1. Linkage relations 


There was the possibility that a gene at some other locus was inducing 
mutability of a normally stable waxy allele. RHoApEs (1936, 1938, 1941a, 
1945) had demonstrated that the presence of a dominant allele, Dt, at the 
dotted locus in chromosome 9, induced a high mutation rate specifically at 
the a, locus in chromosome 3. The possibility that a similar situation ob- 
tained in this material, was tested by outcrossing and by linkage studies. 

Plants carrying the presumed wa™ allele were outcrossed to sixteen un- 
related maize stocks. In every case, the wa™ factor was recovered in the F2 
generation in the ratios expected from the segregation of alleles at a single 
locus. 

Further evidence comes from linkage data, obtained by test-crossing plants 
heterozygous for wx and wx” and for genes at neighboring loci on chromo- 
some 9. The following cross was made: 


c sh wx v, , C Sh wx™ V, 


c sh wx yy C Sh Wx V, 





Mosaic F; kernels were selected and test-crossed again: 


C Sh wx" V,_ c sh wx v, 
St xk 


cshwxv, c shuxv, 
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TABLE 2 
Linkage data. 


jae 
F, genotype Tianna (Only colorless kernels classified). 
c sh wx vy, 








Maize linkage summ. 


o 
o o 7 cross-overs 
No. kernels /o recomb. % cross-overs ks 











Av. Range 
Non-crossovers 1484 
Crossovers 
Region 1 104 3.8 5.0 Re 2.3-5.8 
Region 2 717 26.4 29.1 21 20-30 
Region 3 328 52.3 14.4 12 8-14 
Regions 1 + 2 15 0.55 
Regions 1 + 3 5 0.18 
Regions 2 + 3 48 Lz 
Regions 1 + 2 + 3 11 0.41 





Since only the colorless kernels (ccc) could be classified accurately, eight 
classes are included in the data of table 2 instead of the sixteen expected in 
a four-point test. Non-waxy kernels, found in both cross-over and non-cross- 
over classes, were classified with mosaic kernels as wa”, on the basis of 
evidence to be presented below. 

Although the average percent crossing over for each of the regions studied 
(even for region 1 which does not include the waxy locus) is high compared 
with the average values from the Maize Linkage Summary (EMERSON, 
BEADLE and FRASER 1935), the observed values for each region fall within 
the range reported by other investigators. These values indicate that the 
allele responsible for the mosaic phenotype is at or as near to the waxy locus 
as can be determined by this method. 


2. Segregation ratios 


The data on segregation of wa” in crosses involving Wa wx™ and wx" wx 
heterozygotes appear complex at first sight. As shown in table 3, the ratios 
deviate greatly from those expected. However, the occurrence of prefertiliza- 
tion mutations producing non-mosaic kernels would lead to deviations of pre- 
cisely the type observed. Type-crosses 1, 2 and 3 show that Ws is dominant 
to wa”; the excess of non-waxy kernels in type-cross 3 is considered to be 
due to pre-fertilization mutations of wa" to Wx’ (Ws by mutation). In type- 
crosses 4, 5 and 7, where only mosaic kernels are expected, non-waxy and 
waxy non-mosaic kernels are also found, again presumably as the result of 
pre-fertilization mutation. Type-crosses 4, 5 and 6 show that wa” is dominant 
to wa. 

That the mosaicism is due to somatic mutations can only be inferred, since 
no germinal cells are involved in endosperm development. But pre-fertiliza- 
tion mutations can be tested directly by back-crossing to check for the pres- 
ence of a stable allele on the chromosome which previously had carried wx”. 
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TABLE 3 


Dominance and segregation of wx™. 





Phenotype of F, endosperm 
Type-cross . 





Non-waxy Mosaic Waxy %non-waxy %mosaic % waxy 





1-Wx Wx x wx™ wx™ 12 ears* ns bone 100 0 0 
2-wx™ wx™ x Wx Wx 22 ears rs 100 0 0 
3-Wx wx™ selfed 2618* 408* 3* Ses zs 

1308 340 19 

3926 748 22 83.5 15.6 0.5 
4-wx™ wx™ % wx wx 556 2391 74 18.4 79.2 2.4 
S- wx wx Xwx™ wx™ 1385 2057 131 38.8 57.6 3.6 
6-wx™ wx selfed 2798 3970 2420 30.5 43.1 26.4 
7-ux™ wx™ selfed 693* 2024* 19* cove siee see 

1048 2266 81 

1741 4290 100 28.2 70.0 1.6 





* Data of EMERSON and DEMEREC. 


The demonstration that the non-mosaic kernels found on these ears give rise 
only to non-mosaics in succeeding generations would constitute evidence for 
the mutation hypothesis. 


3. Mutation to stable non-waxy (W x’) 


Non-waxy F, kernels from type-crosses 4, 6 and 7 were grown and either 
selfed or back-crossed by wx wx. Of the 64 ears involved in this test, 83 per- 
cent indicated by the F2 segregation that a Wx’ allele, and not wx”, had been 
inherited. Kernels from eleven of these F2 families, each tracing back to a 
different mutation to Wx’, were grown, selfed and back-crossed for a third 
generation. In all cases, the resulting ears were completely non-mosaic (either 
all non-waxy or segregating for non-waxy and waxy). This constitutes evi- 
dence that the unexpected non-waxy kernels resulted from pre-fertilization 
mutations from wa” to a stable Wx’, inherited by both endosperm and zygote. 

In the 17 percent remaining cases, the endosperm was non-waxy but the 
zygote remained wa”. A similar lack of correspondence between endosperm 
and zygote was found in 459 mosaic kernels, 13.8 percent of which proved, 
in subsequent crosses, to have non-waxy (W x’) embryos. Apparently, then, 
the occurrence of noncorrespondence between endosperm and zygote is not 
specific to the non-waxy kernels, but is a general phenomenon in this material. 

Two well-known processes may contribute to the non-correspondence: 
hetero-fertilization, and the occurrence of mutations in the gametophyte. 
When a plant carrying the w+” allele is used as pollen parent, heterofertiliza- 
tion (SprAGUE 1932) may occur, since mutations from wa” to Wx’ occur 
during tassel development. Thus, pollen from a plant homozygous for wa™ 
may be effectively heterozygous for this locus. 

Mutations occurring in the female gametophyte can be scored directly 
without the complicating factor of hetero-fertilization, by using F, kernels 
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from type-cross 4, wr" wa" x wx wx. The non-waxy and mosaic classes of 
these F, kernels were grown separately and selfed or back-crossed to deter- 
mine the F; genotype of the zygotes. The total amount of non-correspondence 
between endosperm and zygote was found to be 8.4 percent for 202 F;, plants, 
including both types: (1) zygote wx” but endosperm non-waxy, and (2) 
zygote IV’x’ but endosperm mosaic. 

The writer has unpublished data suggesting that under certain conditions 
a wa” allele may mask the presence of a mutated non-waxy allele in the endo- 
sperm, thus providing another source of non-correspondence. However, the 
fact that most non-mosaic non-waxy kernels breed true, and remain stable 
in subsequent generations, has been taken as critical evidence of germinal 
mutation from wa” to W2”. 


4. Mutation to stable waxy (wx’) 


It is difficult to determine definitely whether mutation to a stable reces- 
sive allele has occurred. In stocks characterized by very late and few muta- 
tions, kernels may appear totally waxy while still carrying a wa™ allele. 

In an effort to isolate mutations of wx” to wx’, every waxy non-mosaic 
kernel from ears of type-crosses 4, 5 and 7 found during the first two grow- 
ing seasons of this study, was grown to check the F, zygote for the presence 
of a stable recessive allele. In addition, a random selection of waxy kernels 
from similar crosses made in later generations were also tested. In all, 415 
F, waxy kernels selected from over 28,000 kernels examined, were planted 
and of 160 Fy. ears recovered, all but two were segregating for mosaic kernels. 

Of these two cases, one segregated for wx” in the Fs and the other ap- 
peared too recently for study. 

These data indicate that stable germinal mutations to wa’ occur with an 
exceedingly low frequency, if at all. 


5. Tests for chromosomal aberration 


Mosaicism of the type observed might be ascribed to aberrant chromosomal 
behavior leading to unequal crossing-over and position effect, or to breakage. 

Plants carrying the wx” allele were crossed to KYS, an inbred line notable 
for the cytological excellence of its pachytene chromosomes. Observations 
were made on the meiotic divisions of chromosomes from microsporocytes of 
several F, plants, in the search for aberrant behavior. In particular, the short 
arm of chromosome 9 was examined closely ; nothing abnormal was observed. 
During subsequent studies of heterozygous wa” material, further cytological 
observations of meiosis were made and again no abnormalities were seen. 
LAUGHNAN (1949) has recently shown that the mutation of A® tod? in maize 
is correlated with the occurrence of crossing-over. 

A re-arranged chromosome 9 * was used to test whether the appearance 
of waxy mosaicism was correlated with the occurrence of crossing over. This 


* The writer is indebted to Dr. B. McCiintock who suggested this test and provided 
suitable re-arranged chromosome 9 stocks. 


‘eee 





WAXY LOCUS IN MAIZE 519 


chromosome, recovered by McCriintock from seed fertilized with X-rayed 
pollen, was greatly re-arranged as the result of multiple breaks and rejoin- 
ings, so that crossing over between it and a normal 9 occurred in only about 
one percent of reduction divisions in the region c-sh-wx (McCLINTockK 
1941). Plants homozygous for wa and for re-arranged 9 were crossed re- 
ciprocally with plants homozygous for w«™ and for normal 9. The F; kernels 
were mostly mosaics of the familiar types, and the rest were non-waxy ker- 
nels, due to pre-fertilization mutation. Thus the expression of mutability was 
unaffected by the absence of meiotic crossing over. 

It seemed possible that the wa” mosaicism might be due to chromosome 
breakage of the type reported by McCiintock (1946-47) in which an un- 
stable allele, Ds (dissociation) mutates in such a way that the chromosome 
carrying this allele breaks at the dissociation locus, under the influence of 
another unstable locus, Ac (activator). The possibility that breakage might 
be occurring in the wa” material, was tested with the following crosses: 





1 ¢ sh wx | C Sh wx™ 
c sh wx C Sh wx™ 
2 C sh bz wx . C Sh Bz wx™ 





C sh bz wx C Sh Bz wx™ 


In the first case, if a chromosome break were associated with production 
of waxy-mosaics, the areas on the kernel mosaic for waxy, should also be 
mosaic for shrunken and colored aleurone. In the second cross, a chromosome 
break would produce bronze aleurone spots corresponding to the non-waxy 
spots. Except for a few colorless spots (occurring with the low frequency 
normally found), neither shrunken nor aleurone color mosaics appeared, in 
striking contrast to the waxy mosaicism. 

More recently, McCLintock (1947-48) has reported many other mutable 
loci, including two waxy mutables, in stocks carrying Ac. She states: “ Be- 
cause many of the mutations occurring at the two mutable c loci, the wa"~1 
locus, and the mutable Ac locus do not result in dicentric chromosomes, as 
do Ds mutations, and do not lead to detectable gross chromosomal aberra- 
tions, the mechanism, if it is a breakage phenomenon, must restore the nor- 
mal chromosome morphology. Unequal breakage within the locus, followed 
by the criss-cross type of fusion mechanism, could accomplish this end.” If 
such a mechanism is involved in the wa” material, it would not have been 
detected by the methods used. 

However, it should be pointed out that the appearance of the pollen in the 
two mutable waxy stocks, wx"~! and wa”, described by McCLintock, 
differs markedly from that of wx” stocks. In the case of wx™"—! only 2-3 per- 
cent of the pollen was blue-staining, and in the wa"? material, less than half 
of one percent. Of the blue-staining pollen, in the first case about 50 percent 
were defective grains, small and only partly filled with starch; and in the 
second case, almost all the blue-staining pollen was defective. 
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In the wa” material, on the other hand, high percentages of normal size, 
blue-staining pollen grains were found, even in late mutating lines, as pointed 
out above. In crosses of c wx/c wx by C wx™/c wx, equal numbers of colored 
and colorless kernels were found, indicating no appreciable deficiency attribu- 
table to wa” pollen. 


6. The addition of heterochromatin 


To determine the effect of additional heterochromatin on mutability, the 
wa” allele was crossed into a wa wa stock containing several B chromosomes 
(heterochromatic chromosomes found in some maize stocks and presumed 
to be genetically inert, RANpoLPH 1941), and heterozygous for abnormal 10, 
a special form of chromosome 10 which contains a long extra heterochromatic 
segment (LonGLey 1937). There were no apparent effects from this addi- 
tional chromatin on the mosaic phenotype of Fz kernels from plants carrying 
abnormal 10 as well as 2, 3 or 4 B chromosomes. 


From the data considered in this section, it appears that the mosaicism is 
due to mutation of an unstable allele at the waxy locus, and that the instabil- 
ity is an intrinsic property of this allele. The direction of pre-fertilization 
mutation is primarily to a stable dominant allele. No mutations to a stable 
recessive allele were found. 


PHENOTYPES OF THE MUTATED ALLELES 


In considering the mutation hypothesis in the preceding section, the absence 
of endosperm mosaicism was taken as the main criterion of stability, and 
non-mosaic kernels were classified into two groups: red-staining with iodine 
and blue-staining with iodine. It was noted that no fully stable mutants were 
recovered from the red-staining group, but a large number of stable mutants 
were found of the blue-staining type. All the latter group, collectively referred 
to as Wx’, were dominant to wx” and w-, and grossly indistinguishable from 
the dominant non-waxy (Wx) of field populations. 

The question may now be raised: are these members of the W.’ group 
all reversions to the standard non-waxy allele, or have new intermediate 
alleles arisen by mutation from wa”? In the case of a; mutating under the 
influence of Dt (RuoaApEs 1941b), several new intermediate alleles were 
found. They were characterized by clear differences in the intensity and dis- 
tribution of anthocyanin pigments. The absence of any such gross differences 
among the W«’ group made necessary the use of a sensitive method in the 
attempt to distinguish small phenotypic differences. 

Of the phenotypic differences summarized in table 1, the composition of 
endosperm starch is most accessible to quantitative study. That it is under 
the control of the waxy locus is shown by the data of SPRAGUE, BRIMHALL 
and Hixon (1943) and BRIMHALL, SPRAGUE and Sass (1945) summarized 
in table 4. Another factor to be considered is the narrow range of variability 
in percent amylose which has been reported in assays of many different varie- 
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TABLE 4 
The effect of waxy allelic dosages upon endosperm starch composition. 


(from HIXON and BRIMHALL, 1944) 





Genotype of 





Corn endosperta Percent amylose 

1. Iowa 939 (1943) Wx Wx Wx 28.7 
ixzZ Wx Wx wx 28.7 
2x1 Wx wx wx 23 

2. Ilowax 1 wx-wx wx 0 

3. Iowa 939 (1944) Wx Wx Wx aad 
3x4 Wx Wx wxea 27.4 
4x3 Wx wx-a wx-a 26.7 

4. Argentine waxy wx-a WxX-a Wxea 2.4 

5. Argentine waxy wWx-a Wx-a wx-a 2.4 
5x6 Wwx-a wxea wx 1.3 
6x5 wxea wx wx 0.65 

6. Iowax 1 wx Wx WX 0 





ties, hybrids, and inbred lines of the constitution Wa Ws«s Wx, summarized 
in table 5. These data indicate the small effect on this character attributable to 
the combined action of environmental fluctuations and genetic modifiers. 

In view of this narrow range of variation and of the availability of excel- 
lent methods, percent amylose in endosperm starch was adopted as the 
phenotypic criterion by which to assess the W«’ group of back-mutants. Any 
heritable new amylose-amylopectin ratio found, which was significantly out- 
side the normal range, would be considered evidence of a new allele. 

The values reported in the literature for percent amylose were determined 
by potentiometric titration with iodine (BATES, FRENcH and RUNDLE 1943). 
In this study percent amylose was determined both by titration and by the 
blue value method of McCreapy and Hassip (1943). 

Both methods are based on the differences in iodine binding by amylose 
and amylopectin, which in turn derive from the structural differences between 
them. The amylose fraction consists of long straight chains of glucose residues 
in a-1,4 glucosidic linkage, and the amylopectin fraction of branched chain 
molecules in which the branch points are formed by a-1,6 linkages (HAssip 
1943; Bates, FRENcH and RUNDLE 1943; ScHocH 1945). 

Amylose molecules assume a helical configuration in the starch-iodine com- 
plex (RUNDLE, Foster and Batpwrn 1944; RuNbLE 1947). The color of 
the complex depends upon the number of iodine molecules inside the helix, 
and this in turn depends on chain length. A straight chain of at least 20 glu- 
cose residues is required before any iodine is bound. As chain length increases 
and more iodine molecules are bound, the complex becomes colored, and the 
color gradually shifts from reddish-brown to purple and finally to the intense 
deep blue characteristic of amylose. 

Amylopectin also binds iodine, but much more weakly than does amylose. 
The color of the amylopectin-iodine complex is reddish brown to purple, de- 
pending upon specific conditions. 
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Starch forms complexes with many substances as a result of helix forma- 
tion. Of these, fatty acids are of particular importance, since they are present 
in the cell and presumably in the leucoplast in which endosperm starch is 
deposited (WHISTLER and HixBert 1944). Fatty acids can and do interfere 
with starch-iodine complex formation (ScHocH and WI tiAMs 1944). In- 
tensive defatting is therefore necessary before determining the percent amy- 
lose by any method based on complex formation. 








TABLE 5 
Percent amylose in Wx Wx Wx corn from different sources.* 
Corn Percent amylose t Source 
lowax 939 (1943) 28.7 {IIXON and BRIMHALL 1944 
Iowax 939 (1944) Ds De ”» ” 9 
Iowa I 205 28.5 MACMASTERS, private comm. 
Iowa O. S. 426 28.5 vs ii 
Golden Cross Bantam sweet 28.6 ie » sid 
**Cheesy’’ endosperm 26.9 ee oie = 
U. Ss. 13 29.5 ? ” ” 
Os 420 28.5 ” ”? ” 
Sutton’s White Dent 28.9 ~ ii ” 
Champion White Pearl 30.5 = ed " 
Cuzco, Peru—Yellow 29.5 i sa 
Cuzco, Peru—White 28.6 $2 ” a 
Commercial dent hybrids 27 .3-28.3 T. J. SCHOCH, private comm. 
S78 28.9 Present investigation 
S-123 28.3 ” ” 
S92 (brittle) 27.8 _ o 
Commercial corn’ starch 27.8 4 sn 


Mean—28.49 Standard deviation—0.78 





*WHISTLER and WEATHERWAX (1948) assayed 39 maize varieties from North, 
South and Central America for amylose content. They reported values ranging from 
23.8% to 30.3% amylose. These data have not been included in table 5 since they 
were obtained by a micromethod with an error of at least 5%. 

MACMASTERS has recently informed the writer that several hundred corn samples 
have been assayed at the NORTHERN REGIONAL RESEARCH LABORATORY for per- 
cent amylose, and they found 21-23% amylose.to be ‘‘not uncommon in starch of 
corns of foreign origin.’’ Also, a number of corn samples were found to contain 30- 
55% amylose. Although no information was provided about the origin of the high 
amylose samples, it is known that attempts are being made to breed commercial 
varieties of high amylose corn, using the recessive genes su and du shown by 
CAMERON (1947) to modify the amylose-amylopectin ratio. No other modifiers have 
been reported as yet. 

tComputed from iodine affinity data on the basis of iodine affinity of crystalline 
amylose of 18.7 mg. I,/mg. amylose (BATES, FRENCH and RUNDLE 1943). 


The colorimetric method of McCreapy and Hassip is based on the fact 
that the amylose-iodine complex follows Beer’s Law at 640y, under standard- 
ized conditions. The method is a direct one for determining amylose concen- 
tration, since amylopectin present in the solution does not contribute appre- 
ciably to light absorption at 640y, nor does it interfere in the determination. 

The potentiometric titration method is based on the fact that under cer- 
tain standardized conditions, starch-iodine complex formation removes iodine 


arene 
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from solution in a quantitatively reproducible manner; and that the amount 
of iodine in solution at any stage in the titration can be determined poten- 
tiometrically. Since both amylose and amylopectin bind iodine, the percent 
amylose is computed from the experimental data by an empirical method. 

Thus, the blue value and potentiometric methods are based upon entirely 
different measurements. The amount of iodine bound by amylose is deter- 
mined directly in the blue value method, by the intensity of color of the com- 
plex produced. In iodine titration, on the other hand, the EMF measurements 
depend upon the free iodine in the solution, which is not bound by the starch. 
Since the methods are so different and are subject to different sources of 
error, they can be used to check each other. The fact that both methods are 
empirical makes the use of comparative checks especially important. 

Starch samples were prepared according to a procedure suggested in part 
by Dr. T. J. Scuocn. Seventy-five kernel samples were steeped 48 hours in 


0.45 percent sodium bisulfite at 50°C. Embryos were dissected out, the endo- 


sperms ground in a Waring’ Blendor and filtered through nylon bolting cloth. 
The filtrate, containing suspended starch grains, was incubated over night 
with 2 mg of trypsin at pH 8.0, sedimented from water and then from 
methanol until the supernatant was clear and the starch grains observed under 
the microscope were free from protein. At this time the samples were also 
checked for red-staining starch grains, the presence of which would indicate 
instability of Wx’. The starch was then rescreened through bolting cloth with 
methanol and dried. The samples were pasted with boiling water and dis- 
integrated in a Waring Blendor (semi-micro container) for ten minutes, 
precipitated with more than four times the volume of methanol (in some cases 
95 percent ethanol was used) and allowed to settle until the supernatant was 
clear. The supernatant was then decanted, the precipitated gelatinized starch 
was washed with 95 percent ethanol and transferred to a modified Soxhlet 
extractor. All samples were defatted 30-36 hours with 95 percent ethanol. 

Titrations were run with a Leeds and Northrup automatic recording poten- 
tiometer, which had been adjusted to record EMF values within the range 
of 0.2 to 0.3 volts. Iodine was added automatically during the titration from 
a motor-driven hypodermic syringe connected through a gear-box to the 
paper feed of the potentiometer. The data were recorded automatically in the 
form of graphs of the titration with EMF plotted against distance on the 
paper (convertible to ml I, added). 

Forty back mutants to be assayed: for percent amylose were selected at 
random. Each mutant traces back to a non-waxy kernel on a different ear 
derived from selfed or back-crossed wa" wx" or wx™ wx parents. The non- 
waxy kernels were. grown and selfed in most cases for two generations, in 
eleven cases for three generations, to check on the stability of the mutated 
allele, and to establish homozygosity. Assays were run on homozygous W 2’ 
Wx’ Wx’ kernels. 

The results are shown in table 6. Not a single new amylose-amylopectin 
ratio appeared among the 40 back mutants assayed. The mean value of 28.2 
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TABLE 6 


Percent amylose in endosperm starch of 40 back-mutants. 

















Iodine titration values Blue values 
Family Iodine affinity a ‘i 
(mg I,/mg starch) % amylose % amylose 
161 5.05 27.0 27.6 
162 5.5 29.4 29.7 
165 4.9 26.2 28.3 
167 5 27.8 28.0 
169 pe 27.8 29.1 
166 4.9 26.2 27.4 
17 5.1 27.3 29.4 
152 pe 29.4 27.3 
153 5.35 29.7 31.8 
158 $.1 27.3 28.9 
172 5.2 27.8 28.3 
298 5.55 29.7 26.9 
303 4.8 25.7 27.4 
322 5.1 27.3 29.6 
338 pe 27.8 29.1 
443 5.0 26.8 28.3 
444 5.3 28.4 30.3 
448 S7 30.5 30.9 
449 5.4 28.9 29.1 
459 5.4 28.9 List 
465 4.8 Fo 26.9 
522 5.1 27.3 28.2 
556 5.75 30.8 30.4 
558 5.2 27.8 30.3 
560 5.4 28.9 30.6 
561 5.4 28.9 27.6 
563 p 28.4 28.6 
565 5.3 28.4 29.6 
566 5.45 29.1 31.0 
567 5.1 27.3 
568 5.06 rg | 28.3 
569 5.35 29.7 29.4 
S71 pe 29.4 29.6 
573 5.4 28.9 30.6 
574 5.3 28.4 28.9 
s75 5.3 28.4 29.1 
576 5.3 28.4 28.3 
577 > 27.3 28.4 
578 5.6 30.0 30.0 
580 5.4 28.9 29.1 
Mean 5.44 28.22 28.97 
Standard deviation a” 1.32 1.30 





* Computed from iodine affinity on basis of iodine affinity of crystalline amylose, 
18.7 mg I,/mg amylose. (BATES, FRENCH, and RUNDLE 1943). 


percent amylose for those samples determined by iodine titration is to be com- 
pared with the mean of 28.5 percent for corn from field populations as shown 
in table 5. It is apparent that the values in tables 5 and 6 represent samples 
from the same “ population ” in the statistical sense. The error of the titra- 
tion method was found to be 2 percent on the basis of duplicate values, run 


” 
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for the most part on different days. This compares well with values of 1 per- 
cent and 2 percent reported by various investigators. 

The mean of 28.97 percent amylose determined by the blue value method is 
higher than the mean of 28.22 percent determined by iodine titration. How- 
ever, the standard deviations are practically the same in both cases, 1.30 and 
1.32, indicating a similar range detected by both methods. From these data 
one cannot say which set of values is more accurate, since both methods are 
empirical. The important observation is the comparability of values, which 
demonstrates the relative accuracy of the results. Also the closeness of check 
of iodine titration and blue values is a further evidence of the validity of 
both methods. 

On the assumption that some of the mutants might show differences when 
heterozygous but not when homozygous, ten of the 40 mutants were also 
assayed with the Wx’ allele heterozygous. In these cases, Wx’ Wx’ plants 
were crossed reciprocally with a wawz inbred line, and the endosperm 
starches of Wa’ wx wx and of Wx’ Wx’ wx kernels were assayed and 
compared. 














TABLE 7 
Percent amylose of heterozygotes compared with homozygotes. 

Family Wx! wx wx a Wx! Wx! wx Wx! Wx! Wx! 
465 21.4 FP | 26.9 
561 20.0 26.5 27.6 
563 20.6 ee 28.6 
566 22.6 28.0 31.0 
569 21.4 oad 29.4 
571 21.9 28.2 29.6 
573 21.9 26.5 29.6 
574 21.4 28.0 28.9 
577 21.9 27.4 28.4 
578 20.0" 28.0 30.0 

Mean 21.2 27.5 29.0 

Standard deviation 0.86 0.69 1.37 





The results are shown in table 7, together with the Wx’ Wx’ W2’ assay 
values for these mutants taken from table 6. Both sets of values for the 
heterozygotes have very low standard deviations, indicating that all ten mu- 
tants carry the same allele, within the limits of error of the methods. 

The average value of 21 percent for Wx’ wx wx kernels indicates that the 
incomplete dominance described by SPRAGUE, BRIMHALL and Hrxon for 
the Wx allele of their stocks, holds also for the back-mutated W2’ allele 
herein described. 

In summary, no new alleles have been found to arise as the result of 
back-mutation from wx” to the stable dominant form. The phenotypes of 
forty back-mutants carrying the W +’ allele were indistinguishable when 
homozygous from kernels carrying the dominant allele found in field popula- 
tions. Ten of these mutants, assayed also as heterozygotes, showed the incom- 
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plete dominance characteristic of the waxy gene, but no significant hetero- 
geneity within the mutant group. 


MUTABILITY AS A PHENOTYPE 


A striking characteristic of kernels carrying the wx” allele, is the variety 
and complexity of mosaic patterns found. Two sources of this pattern variety 
are: (1) differences in time and frequency of mutation during endosperm 
development, and (2) the known irregularity of endosperm development 
(RANDOLPH 1936). Mutations occurring early in development would be ex- 
pected to give rise to larger spots or sectors than those occurring late, and 
if mutations occurred at random times during development, the resulting 
kernels might show a great variety of patterns, even with a rather similar 
mutation frequency. The irregularity of endosperm development further com- 
plicates the subjective appraisal of mosaic patterns, although there is some 
evidence that the irregularity of early development is not very extensive and 
is randomly distributed (STADLER 1939). 

Despite the apparent complexity, a study of mosaic pattern inheritance as 
a phenotypic expression of wa” was undertaken. The problem was ap- 
proached first by attempting to determine the time and direction (red-staining 
to blue-staining, or the reverse) of mutation in endosperm tissue as a basis 
for interpreting mosaic patterns, and then to select pattern types of heritable 
constancy. 


1. Direction of mutation 


A study was made of the extent of mutation at various stages of endosperm 
development in order to detetmine the direction of mutation, and also the 
relation of time of mutation to the final extent. The. F, kernels examined 
came from crosses of wx wx x we" wa™, the wx” parents being sib plants 
from Type 1 kernels (fig. 1 and below) which produced F, kernels mostly 
of Type 1. Ten-kernel samples were taken from each of nine developing ears 
at 2-3-day intervals, starting 14 days after pollination. 

The fraction of blue-staining starch grains per endosperm at various stages 
of development was taken as a measure of the extent of mutation. The starch 
grain rather than the cell was considered as the unit, since endosperm cells 
contain either red-staining or blue-staining starch grains, but not mixtures of 
the two. Red-staining and blue-staining grains are essentially the same size 
and shape. The ratio of red-staining to blue-staining grains was determined 
for each endosperm (embryo removed) by crushing the cells, staining with 
iodine, and differentially counting a drop of suspended starch grains in a 
haemocytometer. Stable waxy and non-waxy kernels’ observed as controls 
stained uniformly red and deep-blue respectively at the time the first starch 
was laid down and throughout development. 

The results are shown in figure 5, where each point on the curve repre- 
sents the mean value for 20, 30 or 40 kernels, depending upon the number 
of ears sampled on a given day. Most kernels contained no blue-staining 
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starch grains, or less than one percent, at 16 days after pollination, the earliest 
stage at which starch was clearly evident. One kernel at this stage, and eight 
kernels at later stages of development, were completely blue-staining. It is 
assumed that these kernels represent pre-fertilization mutations to W2’ and 
consequently are not included in the mean values. 

From the data of figure 5, it appears that the net direction of endosperm 
mutation is from red-staining to blue-staining starch. 
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Ficure 5.—Increase in blue-staining starch during development of mosaic kernels 
(wx" wx wx). 


2. Mosaic pattern types 


On the evidence that the direction of endosperm mutation is from an allele 
responsible for red-staining to one for blue-staining starch, in Type 1 kernels, 
some inferences can be made about the mosaic patterns shown in figures 1-4. 
Kernels classified as Type 1 (fig. 1) contain small discrete spots of blue- 
staining tissue on a continuous red-staining background. From the small size 
of mutated areas, it is inferred that the mutations occurred (or were ex- 
pressed) later than in the other pattern-types. Frequencies as low as one 
mutated spot per kernel have been observed. 

Type 3 kernels (fig. 3) in which the mutated areas are predominant and 
continuous, surrounding isolated red-staining spots, look as if the direction 
of mutation were reversed in this ntaterial. However, when immature kernels 
of this type were assayed for percent blue-staining starch grains, the values 
were found to increase from 50-60 percent blue-staining at 16 days after 
pollination, to 70-90 percent blue-staining at 21 days. These data, though 
only from four ears, suggest that the direction of mutation is from red-stain- 
ing to blue-staining in this material as well as in Type 1, and that the red- 
staining spots are residual un-mutated areas which have been surrounded in 
the course of endosperm development by the predominant blue-staining tissue. 

Intermediate patterns of all sorts have been observed between the extreme 
Types 1 and 3. Of these, a common and easily recognized “ network ” pattern 
has been designated Type 2 (fig. 2). It is assumed that differences in time 
and frequency of mutation will account for the various intermediate patterns 
observed, but they have not yet been studied in detail: 
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Figure 4 shows four sectored kernels. In the first, the light-staining region 
appears to be Type 1 and the dark-staining region to be Type 3. The second 
kernel is sectored for Type 1 and a blue-staining non-mosaic region. In the 
third kernel, which resembles the second, the frequency of mutated spots is 
so high that the pattern approaches that of an intermediate type. The fourth 
kernel is sectored for Type 2 and an apparently waxy non-mosaic region. 
In most cases, only one combination of pattern-types has been found among 
the sectored kernels on a given ear, and that combination has been repre- 
sented not only by half-and-half sectors, but also by sectors of other sizes 
and shapes. 


3. Inheritance of mosaic pattern 


In general, the attempt to select various patterns of heritable constancy 
was very difficult. Type 3 kernels have shown the most predictable pattern 
inheritance yet found in this material. Crosses were made involving several 
stocks, in which the wa” parent was from a Type 3 kernel. Of the resulting 
ears, 31 were entirely non-waxy (Wa*Ws« or Wx wx), 45 ears gave rise to 
ratios summarized in table 8, and one contained only intermediate type 
kernels. 


TABLE 8 


Inheritance of type 3 mosaics. 





% mosaic of 


F, endosperm phenotype wx™ class 


Type-cross 











Non-waxy (Teen's) Waxy Av. Range 
4, wx™ wx™ X wx wx 323 213 0 40.0 14-59 
4a. wx™ wx X wx wx 543 146 747 21.2 3-39 
6. wx™ wx selfed 1165 309 453 20.9 2-68 
7. wx™ wx™ selfed 910 259 tees 22.2 3-79 





These data indicate that in most cases, Type 3 kernels give rise to two 
types of ears: (1) altogether non-waxy, and (2) segregating for a high and 
variable percent of non-waxy kernels, the rest being Type 3 mosaics. The 
ear with’ intermediate type kernels is unexplained; its occurrence suggests 
the possibility that mutation occurred from a factor for Type 3 mutability to 
one for intérmediacy. 

Kernels on ears resulting from selfed wx” wx Type 3 plants, were segre- 
gating for one, two, or three doses of the w+” allele, but there were no ap- 
parent differences in pattern to correlate with dosage differences. 

When Type 1 kernels were selected from ears containing various pattern- 
types, grown and selfed, most of the resulting ears were again mixtures of 
pattern-types. In a few cases ears were found either wholly Type 1 or segre- 
gating sharply for Types 1 and 2. On ears wholly Type 1, as in the case of 
Type 3, dosage differences (one, two or three wa™ alleles) had no apparent 
effect upon the mosaic pattern. 


Whee 
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In both cases of selfed heterozygotes (Types 1 and 3), no markers were 
present to allow one to distinguish the wa” dosage of individual kernels. 
However, on each ear the kernels showed very great uniformity of mosaic 
pattern, although they were segregating for one, two and three w™ alleles. 
Thus it was clear that the mosaic pattern was not altered significantly by the 
dosage. 

Preliminary crosses of Type 1 with Type 3 have given rise to F; kernels 
of intermediate pattern types only. However, in most cases, plants from 
intermediate patterned kernels do not produce ears segregating simply for 
Types 1 and 3 in the following generation. 

From the investigation to date, it appears that in endosperm cells contain- 
ing wa™, the time and frequency of endosperm mutation is itself under heredi- 
tary control. This hypothesis is suggested by the. heritability of Types 1 and 
3, the sectored kernels segregating sharply for two pattern-types, and the 
intermediate patterns arising in F; kernels of Type 1/Type 3 crosses. 


DISCUSSION 


The purpose of this investigation was to study some aspects of gene muta- 
bility and gene action by analyzing in detail the: behavior of a single locus. 
The waxy locus was chosen because there was available for study a strain of 
maize in which the endosperm starch was a mosaic mixture of cells with 
waxy and cells with non-waxy starch. This strain was of interest not only 
for the analysis of this mosaic character, but also because the expression of 
the waxy locus was amenable to biochemical study. The discussion will take 
up: (A) the mosaic phenomenon, and (B) mutation and gene action as inter- 
related characteristics of the waxy locus. 


A. The mosaic phenomenon 
1. Cytogenetic evidence 


The mosaic phenotype-described in this paper (figs. 1-4) has been shown 
to result from the existence of a highly mutable allele at the waxy locus. This 
conclusion is based upon two lines of evidence. 

a) The principal features peculiar to plants carrying the w+” allele are: 
endosperm tissue which is a mosaic mixture of waxy and non-waxy starches ; 
and stable non-waxy plants arising from wa” parents. Gametes carrying a 
stable dominant allele, Wx’, have been recovered from plants which were 
wx" wx". This constitutes direct evidence of mutation. It is inferred from 
this that the mosaic endosperm results from the same mutational process. 
However, this. inference cannot be tested directly since endosperm tissue does 
not produce gametes. 

b) No evidence has been found for chromosomal aberration in this ma- 
terial. The observed normality of meiosis and the absence of any evidence of 
chromosome breakage have indicated that no gross aberrations are involved. 
Meiotic crossing over is not a factor in the mutability: since mosaicism and 
pre-fertilization mutations occur with the same frequencies in the absence of 
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crossing over due to a chromosome rearrangement. The mutability cannot be 
attributed to some other gene which induces a waxy allele to mutate, since the 
mosaic character is not lost by out-crossing and has been localized at the 
waxy locus by linkage analysis. 

These data are consistent with the hypothesis that the mosaic phenotype 
results from mutation. Two classes of mutation are generally recognized: 
those which can be correlated with some aberrant chromosomal behavior or 
rearrangement, and those which cannot. McCiintockx (1950) has recently 
postulated a new mechanism to explain mosaicism and mutability in the maize 
stocks which she has been studying. This mechanism involves the insertion 
of a submicroscopic piece of heterochromatin into or near a given locus, 
inhibiting the action of the dominant allele present, and appearing conse- 
quently like a mutation to the recessive allele. In some cases, removal of the 
heterochromatic material restores the locus to full activity, and appears 
therefore like a back-mutation. Associated with this phenomenon are a series 
of events which include chromosome breakage and rejoining and further 
aberrations derived from these. MCCLINTOCK reports that in some cases these 
events depend upon the presence of a special gene, Ac (activator), while other 
mutable loci require no activator. However, both groups show the same 
kinds of expression of variegation. In the .cases described (McCLintock 
1947-48, 1948-49) these expressions included tissue mosaics due to losses 
of genetically marked sections of chromosome, pollen abortion, chromosome 
rearrangements, and the origin of mutability at many other loci. 

With the available methods, we have found no evidence of any detectable 
aberrations in the wx” material. Neither chromosome breakage, nor abnormal 
amounts of pollen abortion, nor rearrangements, nor the appearance of new 
mosaic characters, have been observed. Consequently, from our data, the 
mosaic-waxy phenomenon appears to be a case of “ point mutation ”: muta- 
tion with which no other genetic or cytological event has been correlated. 
This conclusion is supported by the other findings of this study: the kind of 
stable alleles resulting from mutation of the unstable allele, wx”; and the 
genetic control of mutation rate. 


2. Alleles at the waxy locus 


A primary characteristic of the waxy-mutable strain is the occurrence of 
large numbers of germinal mutations back to a non-mosaic stable condition. 
An analysis of the nature of these reversions was undertaken to try to find 
new alleles of waxy. It was assumed that the kinds of alleles arising by 
mutation from wa™ might throw light on the nature of the mutation process, 
and that new alleles, not found in nature, might appear. Such alleles would 
be of great interest both in connection with the mutability of wx" and with 
studies on the biochemical action of the waxy locus. 

The search for new alleles was abetted by the fact that Ruoapes (1941a) 
had found several at the a; locus arising under the mutagenic action of Dt, 
Focet (1950) found them after mutation of an unstable allele at the R locus, 
and McCiintock (1948-49) found them in her material at several loci. 
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(As noted earlier, in some mosaic kernels, staining with iodine revealed 
small cell clusters which stained various shades of lavender, in addition to 
the characteristic red- and deep blue-staining regions which predominated. 
It might be postulated that the lavender regions carried intermediate alleles. 
However, in the absence of any germinal mutations to lavender-staining, or 
even of endosperm sectors large enough for chemical analysis, it has not been 
possible to choose among a number of alternative hypotheses concerning the 
lavenders which have been proposed. ) 

Three alleles at the waxy locus have been found in nature. Several pheno- 
typic differences have been correlated with them (table 1). Of these differ- 
ences, the percent of amylose in endosperm starch was employed in the pres- 
ent investigation. At present, two types of starch molecules are known, amy- 
lose and amylopectin. Amylose is a linear polymer of glucose residues in 
a-1,4 linkage; amylopectin is a branched glucose polymer in which the 
straight-chain linkages are a-1,4 and the branched points are a-1,6 (MEYER 
1942; Hassip 1943; ScHocu 1945). Spracue, BRIMHALL and Hrxon 
(1943) first showed that the ratio of amylose to amylopectin molecules in 
endosperm starch varied with the waxy alleles present. On the basis of this 
and subsequent investigations (summarized in tables 4 and 5), it was con- 
sidered that this amylose-amylopectin ratio was a reliable criterion for the 
identification of new alleles of waxy. 

Accordingly, forty independent back-mutants from wa” to a stable non- 
waxy condition, selected at random, were assayed for percent amylose of 
endosperm starch. No significant variation in percent amylose was observed 
among these forty mutants (table-6). The range was 25.7 percent to 30.8 
percent amylose (standard deviation 1.32) comparing favorably with the 
range and mean values reported in the literature for non-waxy starches from 
field corn (table 5). Consequently, it was concluded that in all forty cases, 
mutations had occurred from wa” back to the same non-waxy allele, and 
that it was indistinguishable from the non-waxy allele of field populations. 

The absence of new alleles arising from wa™ recalls the behavior of the 
waxy locus in nature. Although waxy has been in constant use by geneticists 
as a convenient and popular marker locus during the last 40 years, only 
three stable alleles have been found (Wx, wx, and wx*). Altogether, less 
than ten independent mutations from dominant to recessive have been found 
(summarized in H1xon and BRIMHALL 1944), and w* was discovered only 
recently in Argentina (ANpDREs 1944). 

In recent years a concerted search for maize starch with unusual amylose- 
amylopectin ratios has led to the assay of non-waxy (W«W.s«Ws) endo- 
sperm starch from a large number of varieties and inbred lines, and has re- 
vealed no intermediate alleles of waxy among these stocks (table 5). The 
absence of any alleles but Wx among the back-mutants studied in this in- 
vestigation is therefore consistent with the allelic non-diversity of this locus 
in nature. 

Consequently, the absence of any alleles but W- arising from wa™ adds 
further support to the hypothesis, already indicated by the cytogenetic data, 
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that the mutation process involved in the mutable waxy phenomenon is no 
different in kind from the process of spontaneous mutation occurring in 
“ stable” stocks. What is drastically different in the mutable-waxy material 
is the very high mutation rate. 


3. Mutation rate and pattern inheritance 


The mutations of wx”, which result in mosaic endosperm and stable back- 
mutants in the germ line, do not occur at random. The time and frequency of 
these mutations is under gene control, as shown by the inheritance of mosaics 
of Type 1 (low mutability, fig. 1), and Type 3 (high mutability, fig. 3). In 
some selected families of Type 1, the mutability is so low that the kernels 
have very few tiny spots, sometimes only one. These stocks closely approach 
the appearance of stable wx lines. This similarity suggests that the difference 
between stable and unstable alleles is basically a function of mutation rate 
control. 

From this point of view, the mutability of wx” no longer appears as a 
problem of the waxy locus, as it did at the outset of this inquiry. From the 
cytogenetic evidence, and from the identity of the reverted alleles with those 
found in nature, the mutability of wa” appears no different from the spon- 
taneous reversion of wx to Wx, except for its rate of occurrence. Conse- 
quently, the question of how the mutation rates of these stocks are genetically 
controlled appears to the writer as a focal center for further investigation. 


B. Interrelations between mutation and gene action 


We turn now to a related question: can one explain the paucity of alleles 
at the waxy locus, as observed both in field populations and in this study? 

From the genetic point of view, this paucity of alleles is not in accord with 
the common occurrence of multiple alleles at other loci. Intermediate alleles 
of waxy’ would also be expected for biochemical reasons. As shown by 
SPRAGUE, BRIMHALL and Hrxon (1943), the waxy allelic dosages determine 
the molecular composition of endosperm starch. Waxy (wx w«e wx) endo- 
sperm starch contains no amylose, wx* wx* wx* has 2.4 percent, and Wx Wx 
Ws has about 28 percent (table 4). From these data, intermediate alleles 
corresponding to intermediate amylose concentrations (between 2.4 and 28 
percent) would appear likely. Nonetheless, no such alleles have been found 
either in nature (table 5) or after back-mutation from w«™ (table 6). (Mc- 
Ciintock [1948-49] has reported intermediate waxy alleles. Four of them 
were assayed by the writer, who found two were in the range of Wx, and 
two were similar to w*.) 

An hypothesis has been developed to account for these observations, which 
brings together the known facts about the waxy locus and may be useful.as 
a basis for further investigation. It is suggested that the paucity of waxy 
alleles may be a result of the action of the waxy locus in endosperm develop- 
ment, at least in part, rather than being ascribable entirely to changes in the 
gene itself. 
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1. Biochemical action of the waxy locus 


The waxy locus has been viewed as. a factor in starch biosynthesis since 
the work of Brink (1928, 1929a, b; Brink and ABecc 1926). This view has 
been greatly strengthened by recent studies (SPRAGUE, BRIMHALL and 
Hixon 1943) made possible by progress in the field of starch chemistry 
(especially BATEs, FRENCH and RuNDLE 1943). SpraAGuE, BRIMHALL 4nd 
Hixon have shown that the ratio of amylose to amylopectin in endosperm 
starch is a phenotypic expression of the waxy locus. The question then arises: 
can one determine how the amylose-amylopectin ratio is controlled? 

Phosphorylase is the enzyme responsible for a-1,4 linkages (Cori and Cor! 
1936, 1937; Hanes 1940a, b); under suitable conditions, amylose molecules 
can be synthesized in vitro from glucose-1-phosphate with phosphorylase. The 
synthesis of amylopectin is less well understood. Presumably, phosphorylase 
is responsible for the a-1,4 linkages, but several preparations have been pro- 
posed as catalysts for branch formation (Cori, Swanson and Corr 1945; 
Bourne and Peat 1945; Bourne, Macey and Peat 1945; Barker, 
BourNE, WILKINSON and Peat 1950; BERNFELD and MEUTEMEDIAN 
1948a, b). 

These authors all suggest that the structure of amylopectin is determined 
by the ratio of phosphorylase to branching enzyme activity, despite unclarities 
about the mechanism of amylopectin synthesis. Recently, BourRNE and collab- 
orators have shown experimentally that branched chain starches with differ- 
ent properties result from in vitro synthesis of polysaccharide from glucose- 
l-phosphate with enzyme mixtures. containing different proportions of 
phosphorylase and “Q” (Barker, BourNE, Peat and WiLkrinson 1950; 
BarKER, BourNE and WILKINSON 1950). This work greatly strengthens the 
view that the ratio of activitics of phosphorylase to the branching enzyme 
controls the structural properties of the amylopectin molecule. 

The difference between waxy and non-waxy starch results from changes 
in the ratio of amylose to amylopectin molecules. No structural difference be- 
tween the amylopectin of waxy starch and the amylopectin fraction of non- 
waxy starch has been detected although many comparative studies have been 
made (T. J. ScHocn, private comm.). Consequently, it has been assumed by 
the writer that the ratio of phosphorylase to branching enzyme activities in 
waxy and non-waxy endosperms is very similar, since the amylopectins are 
so similar, and that the ratio of amylose molecules to amylopectin must be 
attributed to a different system. 

How then can one interpret a single gene difference leading presumably to 
a single chemical difference, which determines the presence or absence of 28 
percent unbranched amylose molecules in the starch? One interpretation of 
these allelic differences from a- chemical viewpoint, is that tissues producing 
amylose contain a substance, a branching inhibitor, which prevents a constant 
proportion of the developing glucose polymers from becoming branched. This 
substance might act by adsorption or perhaps by specific reaction with the 
number-6 carbon atoms, making them unavailable to the branching enzyme. 
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In any case, the starch formed in the presence of this branching inhibitor 
would contain some unbranched molecules, in contrast to waxy starch and to 
glycogen in which all the molecules are branched. 

On this hypothesis, the amylose-amylopectin ratio would be controlled by 
the availability of the branching inhibitor, which might then be considered a 
direct or indirect product of waxy gene action. 

One approach to identifying the branching inhibitor is suggested by the 
existence of maize and pea varieties with very high amylose contents. It was 
shown by CAMERON (1947) that in endosperm starch of supersugary maize 
(su du W2), the amylose content is about 65 percent. Varieties of wrinkled 
peas are known in which the starch contains about 98 percent amylose. In 
both cases the total starch content is very low, suggesting a connection be- 
tween high amylose and some block in starch synthesis. However, not all 
genetic blocks in starch synthesis have the same effect on starch composition. 
The writer assayed starch from brittle (bt) maize in which very little total 
starch was formed, and found its amylose content to be 27.8 percent, indicat- 
ing no apparent effect on the amylose-amylopectin ratio in this case. None- 
theless high amylose varieties may be good material in which to look for 
substances controlling the amylose-amylopectin ratio. 

When more sensitive methods are found to distinguish branched from un- 
branched short-chain glucose polymers, it should become possible to approach 
the problem of waxy gene action more directly. At present, however, some 
information about the action of the waxy locus can be inferred from indirect 
evidence. Genetic observations on allelism and mutation rate, considered to- 
gether with physiological data on phenotypic variation, support the hypothesis 
that the paucity of waxy alleles results from the metabolic action of the waxy 
locus in starch formation. 


2. Allelism and gene action 


A relationship between alleles and biochemical action is shown in the curves 
of figure 6. In these curves the waxy alleles have been plotted against their 
phenotypic expressions, following the method of STERN (1929) and MULLER 
(1947-48). The critical problem in plotting these points is the spacing of 
alleles along the X-axis. Although there is a basis for an ordering of alleles 
(genetic dominance and increase of percent amylose), one cannot quantify 
the differences between them, since neither the basic unit of gene action nor 
the number of such units per allele is known. 

To bring this out two hypothetical curves have been drawn in figure 6, 
which differ in the positioning of one point, d’ (genotype W% wx wx). The 
resulting curves embody very different relationships between alleles and 
phenotype. On the solid curve, the phenotype changes very rapidly at first 
with small increments of gene activity and then levels off so that further 
increments of gene activity have little effect. Thus there is only a small sector 
on the X-axis over which small changes in x are coupled with observable 
phenotypic changes on the Y-axis. In the dotted curve, on the other hand, 
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small increases of phenotypic effect result from small increments in gene 
activity over a very large range of values along the X-axis. 

The solid curve may be regarded as the more likely representative of the 
waxy locus. This curve rises steeply between points c (wa* wa* wx*) and d 
(Ws wx wx). This means that a small increment in gene activity in this 
range would yield a sharp increase in percent amylose. Consequently, the 
probability of finding any intermediate points between c and d would be very 
low indeed. Thus this curve is consistent with the observed absence of inter- 
mediate waxy alleles in nature and in this study. 

To bring out the interrelationships under consideration, the behavior of 
the waxy locus may be compared with the R locus in maize, which is con- 
cerned with anthocyanin pigmentation. A very large number of alleles have 
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FiGuRE 6.—A postulated gene-action curve for the waxy locus. 
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been described at the R locus (STADLER and Focet 1943, 1945), which cor- 
relate with small differences in the intensity and distribution of pigment over 
a large range. The dotted curve in figure 6 is suggested as a representation 
in broad outline of the behavior of the F locus. 

Further support for this hypothesis comes from physiological data. The 
percent amylose of endosperm starch is an extremely stable characteristic. 
Maize varieties collected from North, Central and South America, differing 
enormously in genetic makeup, have shown great constancy in percent amy- 
lose (table 5). Similarly, maize grown under a great diversity of environ- 
mental conditions also shows this constancy. These facts reflect a biochemical 
system which is apparently quite insensitive to gross changes in cellular 
metabolism of the growing plant, except for the effect of supersugary 
(CaMmERON 1947) noted above. 
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Various biochemical mechanisms could account for this insensitivity. In 
the simplest case, the solid curve of figure 6 may be considered as a plot of 
enzyme concentration against starch composition. On this curve, a very small 
amount of active enzyme would saturate the system, which levels off rapidly 
at 28 percent amylose. In such a system there is very little opportunity for 
the occurrence of fluctuations in percent amylose. 

In contrast to the behavior of the waxy locus, the R locus may also be con- 
sidered in this way. The phenotypes of the RF alleles are markedly altered by 
environmental fluctuations, modifier genes. and small effects of the residual 
genotype as well. These facts are consistent in a general way with a relation- 
ship between enzyme activity and phenotype which follows the dotted curve 
of figure 6. 


An hypothesis has been proposed: that the rarity of alleles at the waxy 
locus can be explained in terms of the metabolic action of the locus. Although 
the specific action of the waxy locus is not known, the hypothesis is sup- 
ported by the available indirect data. These data have been summarized in 
the form of a gene-action curve, from which it appears that the waxy locus 
has an exceedingly limited variability of expression. Only within the range 
of zero to about 5 percent amylose is there much opportunity for the appear- 
ance of new alleles, the occurrence of observable mutations, or the possibility 
of phenotypic variation. Above that range, the biochemical reaction which 
the waxy gene controls is apparently saturated very rapidly. Other gene 
changes may occur, but they remain phenotypically undetectable. The pheno- 
type acts, in effect, as a filter. 

The correlation between phenotypic and genetic variability which has been 
made in this study suggests certain limitations on the detection of alleles at 
other loci as well. In part, detection depends upon the sensitivity of observa- 
tion methods. In part, however, mutations may be obscured by what we have 
called the phenotypic filter. Mutations which lead to changes in gene action 
either below the threshold of expression, or above the saturation point, will 
go undetected because the phenotype has, in fact, not been altered. With 
present methods, one cannot penetrate this phenotypic filter. Nonetheless, by 
assembling enough data on a given locus to construct a gene-action curve, 
one can attempt to assess the effectiveness of such a filter. 


SUMMARY 


1. The waxy mosaic phenotype is characterized by the occurrence of kernels 
mosaic for waxy and non-waxy starches, and by the appearance of an unex- 
pected non-waxy class of kernels. The non-waxy kernels have been shown to 
result from mutations occurring before fertilization, of an unstable allele, wa”, 
at the waxy locus, to a dominant non-waxy allele. The mosaic kernels result 
from mutations occurring during endosperm development, from wx” to Wx. 

2. Instability of the w+” allele could not be ascribed to the influence of any 
other gene. 
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3. Instability of the wa™ allele could not be accounted for by any gross 
chromosomal aberration or correlated with meiotic crossing over. 

4. A large number of stable pre-fertilization mutations to a dominant non- 
waxy allele were recovered; no stable recessive mutants were found. 

5. Forty independent back-mutants from wa” to a stable non-waxy allele 
(W2x’) were assayed for percent amylose and found to approximate closely 
the range found in field populations. No new intermediate alleles were found 
in this randomly selected group of 40 mutants. 

6. Ten of the back-mutants were compared.as W 2’ wx wx and as Wx’ W2’ 
wx heterozygotes, with their homozygous sibs (W2’ Wx’ Wx’), with respect 
to percent amylose. As a group the mutants showed incomplete dominance 
similar to that of Wx alleles from field populations, and such close similarity 
that all are considered to carry the same allele. 

7. It was determined that the blue value method of McCreapy and Hassip 
for percent amylose gives results fully comparable with the potentiometric 
titration method, for corn starches in the range 20-30 percent amylose. 

8. The time and frequency of mutation of wa™ are genetically controlled ; 
both high and low mutability strains have been established. 

9. A connection has been suggested between the lack of intermediate alleles 
in field populations of maize, the absence of intermediate alleles in this stiy, 
and the insensitivity of the phenotype to differences in residual genotype and 
environmental fluctuation. These data, summarized in a gene-action curve, 
suggest that the observation of multiple alleles at the waxy locus has been 
obscured by the nature of the biochemical reaction in which the waxy gene 
acts. It has been postulated that the waxy-gene-product may participate in an 
insensitive reaction which acts as a phenotypic filter, through which a large 
proportion of gene changes, if they occur, cannot, at present, be detected. 
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ABPLANALP, HANS and LL. KOSIN, State College of Washington, 
Pullman, Washington. Heritability of growth inturkeys. — Estimates 
of heritability, based on combination of variance components (intra- 
class correlations) and intra-sire offspring-dam regressions, were 
made for progressively increasing body weights and for weight gains in 
growing Broad Breasted Bronze and Beltsville Small White turkeys, 
Several years’ observations are involved. — Body weight was deter- 
mined at four, eight, fourteen, and twenty-six weeks of age, while gains 
were calculated between the consecutive measurements. Both methods 
of estimation indicated similar trends in heritability: For males of 
both varieties it was low at four and twenty~six weeks, and high at eight 
and fourteen weeks of age; females showed highest heritability at four 
weeks. From the relative size of variance components it can be in- 
ferred that maternal influence and/or dominance effects must be high 
at early ages and in the last growth period. Sex linkage is indicated in 
Broad Breasted Bronze. — Negative offspring parent regressions in 
the first and last gain periods suggest the great importance of yearly 
changes in environment for those critical phases of development. 
There existed distinct differences in response to these factors, between 
sexes as well as between varieties. — Heritability estimates based on 
gains rather than actual weights do not seem to give increased preci- 
sion in the evaluation of the genotype for growth in turkeys. 





BERNIER, PAUL E., Oregon State College, Corvallis, Oregon. 
Micromelia VII, an overdominant recessive lethal in the domestic 
fowl. — A new lethal condition resulting in a marked reduction of 
limbs and skeleton observed in a family of S.C. White Leghorns. 
Chicks cannot hatch because legs cannot be used to break egg shell. 
Chicks are still alive within the shell on the twenty-second day of incu- 
bation with yolk fully absorbed, Down is rough and stringy like in ari- 
boflavinosis. Body is covered with a slimy, albumen-like liquid, This 
new lethal condition is recessive as judged from the segregation ratios. 
The family in which the condition was first observed produced twenty . 
percent more eggs than non-carrier families, This observation has led 
to the hypothesis of overdominance which is currently tested in a flock 
of eight hundred layers. 
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BRAUN, W. and ROBERT J. GOODLOW, Camp Detrick, Frederick, 
Maryland. The role of amino acids in bacterial population changes. — 
Earlier work with Brucella had demonstrated that the accumulation of 
alanine as a metabolite of most smooth strains growing under static 
conditions exerts an inhibitory effect on the growth of smooth cells and 
thereby creates an environment selectively favoring the establishment 
of usually nonsmooth mutants with increased alanine resistance. Re- 
cently obtained results extending this information on qualitative and 
quantative aspects of the effects of amino acids on population changes 
will be reviewed. Such results include the role of cultural conditions, 
especially the stereoisomeric configuration of the N-source employed; 
the effects of metabolites other than alanine; the effects of penicillin 
and antisera on modifications of metabolism and population changes; 
the lack of mutagenic effects of the selectively active amino acids; the 
role of differences between mutants in rate of metabolite-production 
and - resistance leading to population equilibria; and information on 
the mode of action of alanine. Data obtained with bacteria other than 
Brucella will be presented to indicate the general aspects of these 
phenomena. The bearing of these results on problems of modified 
virulence, resistance, and susceptibility, as exemplified by recent 
population studies with Salmonella in vivo, will be shown. Certain 
parallels between these phenomena and such problems as antigenic 
transformation (Paramecium) and differentiation will be discussed, 





BREWBAKER, J.L., Cornell University, Ithaca, N.Y. Oppositional 
allelism in diploid and tetraploid alsike clover. — Nineteen self- 
incompatible (SI) F) plants of alsike clover were crossed in all com- 
binations and reciprocally backcrossed with their SI parents. The F) 
plants segregated into 4 intra-sterile, inter-fertile groups of 5, 5, 6, 
and 3 plants, respectively, and all plants were reciprocally fertile with 
both parents. This behavior is best explained by the Nicotiana-type 
oppositional allelic system, in which the parents differ in both alleles. 
— Tetraploid sectors were produced on the parent plants following col- 
chicine treatment, and tetraploids were also obtained from treating F) 
seedlings. The six genotypes derived in this manner were balanced 
diallelics. One parental and the four F] genotypes were self-incom- 
patible, whereas the other parent was highly self-compatible (SC) in con- 
trast to the SI diploid from which it was obtained. All selfed progeny 
of the SC parent were self-compatible, whereas the hybrid progeny 
from crosses to unrelated SI tetraploids segregated into 2:1 ratios of 
SC:SI plants. Likewise, SC plants were recovered among the F2 fami- 
lies derived from intercrossing the SI-F) diallelics. Comparable data 
have been obtained in white clover. — All results are explained on the 
basis of the “competitive interaction” of the S alleles in heterogenic 
pollen (S1S2 of the SC parent (S}S)}S2S2) resulting in the failure of the 
personate inhibition of pollen-tube growth of these heterozygous 
gametes. 
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BRINGHURST, ROYCE S., *University of California, Los Angeles, 
Calif. Genetic analysis of chlorophyll deficiency in Melilotus alba x M. 
dentata hybrids with some observations on meiotic irregularities. — 
Melilotus alba x M. dentata hybrid seedlings are chlorophyll deficient, 
surviving for periods ranging to four weeks. Differences in survival 
are associated with seed size of the alba parent (pistillate). Such 
seedlings are reared by grafting upon sweetclover stocks. M. alba 
backcross seedlings (reciprocal matings) ranged continuously from 
chlorophyll-defective lethals similar to the interspecific hybrid to 
normal green. Near 50 per cent were seedling lethals. Three genes 
studied in progenies from two non-lethal alba backcross plants cumula- 
tively conditioned chlorophyll reduction in heterozygous and homozy- 
gous combinations. One (ch3) significantly reduced chlorophyll when 
heterozygous in the presence of “normal” alleles of ch] and ch2. 

Plants homozygous for “defective” ch; and ch2 in combination and ch3 
alone or heterozygous for all three genes in combination are seedling 
lethals. There is evidence for at least four other genes similarly ef- 
fecting chlorophyll deficiency in other backcross progenies, All such 
genes presumably originated in M. dentata. Chlorophyll deficiency also 
occurred in the limited number of dentata backcross plants and their 
derivatives. Extremely low fertility of the interspecific hybrid plants 
could in part’ be associated with cytological irregularities in pollen 
mother cells. Included was evidence for a reciprocal translocation in 
pachytene figures from a pollensterile derivative of a dentata backcross. 











BROWN, SPENCER W., University of California, Berkeley, Calif. 
Activity of the nucleolus-organizer of Luzula campestris in relation to 
internal nucleolar structure. — The 6 bivalents of L. campestris are 
identifiable at pachytene by their characteristic chromomere patterns; 
a heavy, terminal chromomere is constantly associated with the nu- 
cleolus and has thus been identified as the nucleolus-organizer. During 
pachytene and diakinesis granules originate from the organizer and mi- 
grate toward the center of the nucleolus, The granules sometimes 
remain attached to the organizer by clearly stainable filaments, or may 
occur along two tracks leading from each of the homologous organizers, 
When first formed, the granules seem to be either about equal to or 
about half the size of the organizer, The granules tend to cluster to- 
gether in the central region of the nucleolus and to decrease in size 
whichthe consequent formation of increasingly wider clear zones around 
themselves. Large, vacuole-like regions, with clear contents and 
dark rims, are very frequently observed; these have presumably been 
produced by prior activity of clusters of granules. Thus the nucleolar 
contents may show considerable variation, sometimes within a single 
anther: 0 to numerous granules, with or without well-developed hyaline 
zones, 0 to several of the large, clear regions with dark rims, or 








*Research conducted at University of Wisconsin supported by Wisconsin 
Alumni Research Foundation. 
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neither or both types of structure. Such extreme variation makes it 
seem likely that the activity of the organizer is influenced by minor 
physiological changes. In water mounts of the tissue of the ovary wall, 
the nucleolus-organizer has been identified in resting nuclei as a 
differentially swollen structure, quite distinct from the remainder of 
the nuclear contents. In fixed material, it is not so differentiated from 
the numerous other heterochromatic structures characteristically 
observed in this and other tissues. 


BROWN, WILLIAM L, and PAUL C, MANGELSDORF, Department 
of Plant Breeding, Pioneer Hi-Bred Corn Company, Johnston, Iowa and 
Harvard University, Cambridge, Mass. The effects on yield and mor- 
phology of the addition of teosinte germ plasm to maize. — Nine 
cultures representing varying amounts of teosinte germ plasm operat=- 
ing on an isogenic corn background were each crossed with four 
inbred lines of corn belt maize. The resulting F) hybrids were tested 
for grain yield and were also analyzed for morphological differences 
within and between tester groups. The data which will be presented 
graphically and by actual specimens indicate the following: 1. Re- 
ductions in yield (below that of controls) are in almost direct proportion 
to the amount of teosinte germ plasm introduced, 2. The addition of 
teosinte to maize reduces the number of nodes in the inflorescence and 
the vegetative parts of the plant but at the same time increases inter- 
node lengths. 3. One of the better indicators of teosinte influence in 
maize is shown to be a ratio of ear length/kernels per row. 4. Differ- 
ential segmental effects involving chromosomes 3,4, and 9 are indicated 
for at least seven characters. 


BRYAN, C.R. and W.J. MILLER. University of Wisconsin, 
Madison, Wisconsin, Interaction between alleles to produce a hybrid 
substance. — Following backcrosses to Columba livia of the hybrids 
and selected backcross hybrids from the mating of Columba guinea and 
C. livia, a cellular antigen called C, specific to guinea, has been obtained 
in unit form. This C.substance by suitable matings has been obtained in 
both homozygous and heterozygous state. Homozygotes and heterozyg- 
otes can be differentiated serologically and by progeny tests. A con- 
trasting substance known as C’, peculiar to livia, has been demonstrated, 
C of guinea and C’ of livia are presumably produced by an allelic gene 
or genes. By absorbing antisera against cells of the heterozygotes 
(CC‘) with the cells of the homozygotes (CC), reagents specific for 
identifying the C’ substance are obtained. — Of 13 antisera produced 
against cells of the heterozygotes (CC ), ten were completely depleted 
of antibodies when absorbed (a) with pooled cells of both parental 
species or (b) with the cells of homozygotes (CC) pooled with cells of 
livia. However, two antisera thus absorbed would react weakly at the 
absorbing dilution (1/60) with CC’ cells and one antiserum so absorbed 
reacted strongly (titer of 1/240) with the CC’cells (20 birds), but not at 
all with CC cells (5 birds). No such reactions have been observed ina 
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few antisera to the cells of the homozygotes. — These antisera to the 
cells of the heterozygotes contained antibodies specific to an antigenic 
factor different from those found in either parental species or in the 
homozygotes. Presumably, this “hybrid substance” is the result of an 
interaction of allelic genes, but whether of alleles producing C and C’, 
respectively, or of other allels on the same chromosomes, is an open 
question. 


BUNKER, HELEN P. and B. R. SPEICHER, University of Maine, 
Orono, Maine. Inheritance of physiological activity in Habrobracon. — 
Different stocks of Habrobracon vary noticeably in activity, stock #33 
being sluggish and pectinophorae more active. Using phototropism as 
a gauge of activity segregated groups of 210 males and 210 females 
from each stock, in lots of ten, were timed as they passed through a 
dark tube illuminated at the far end, the number emerging being tabu- 
lated at one minute intervals for eleven minutes. Wasps used were 
two days old and unfed; temperature was controlled. The average 
times for wasps emerging within the time limit were, for stock #33 
females 5.53 minutes, males 6.41, and for pectinophorae females 2.97 
minutes, males 3.44. Average times for the two stocks differ signifi- 
cantly within each sex. The times for daughters from reciprocal 
crosses averaged 2.73 when the mother was pectinophorae and 3.49 
when the mother was stock #33. Both times differ significantly from 
that of stock #33 females but not from pectinophorae females. Also the 
difference between these two reciprocal crosses is significant and 
suggests cytoplasmic effects. A backcross of daughters from pecti- 
nophorae females by stock #33 males gave 300 tested daughters whose 
average time was 3.74 minutes, This differs significantly from both 
pure stocks but more closely resembles pectinophorae. These re=- 
sults indicate that the tendency towards increased activity is inherited 
and is genetically dominant. However there may also be a cytoplasmic 
effect carried through the egg. 





BURDETTE, WALTER J., Louisiana State University School of 
Medicine, New Orleans, La. Administration of diethylstilbestrol to the 
tu-36a strain of Drosophila melanogaster. — In view of repeated 
demonstrations that the incidence and growth of certain types of mam- 
malian tumors may be influenced by sex hormones, a study was made 
of the effect of stilbestrol on a strain of Drosophila which is known to 
bear tumors. An isogenic, tu-36a stock was used, and the experiments 
were carried out in an incubator at 25 $ 0.5°C. The flies were raised 
on medium containing 1 g. stilbestrol per 100 ml., and the tumor in- 
cidence was determined for both Pz and F) adults. The average length 
of 50 larvae from experimental, P 2 cultures was only 55.9 per cent as 
greatas that of a similar number fromcontrol cultures, the measurements 
being 1.9 mm. and 3.4 mm. respectively. There were 2 tumors (0.41 
per cent) in 486 P» adults with treatment and 18 tumors (0.86 per 
cent) in 2089 of those without treatment (P = 0.30). The tumor 
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incidence in 1097 F, flies from treated parents was 0.46 per cent, and 
in 2793 F, flies from parents without treatment it was 0,72 per cent 

(P = 0.34), Lethal mutation rate, determined at the same time by the 
Muller-5 method, was 0.18 per cent with 1105 chromosomes tested in 
the treated group and 0,11 per cent with 1821 tested in the control 
group (P = 0.63). Therefore no evidence for either a change in tumor 
incidence or mutation rate was found following treatment of the tu-36a 
strain with stilbestrol, although it is possible that an effect on tumor 
incidence may have been obscured by the nutritional state of the larvae. 


CALDECOTT, RICHARD S, and LUTHER SMITH, Agronomy Dept., 
The State College of Washington, Pullman, Washington. The influence 
of heat treatments on the injury and cytogenetic effects of X-rays on 
barley. — Dormant seeds of Himalaya barley were subjected to the 
following treatments: 1) Control; 2) X-radiation only (15,000r); 3)Heat 
only (ranging from 75°C, to 85°C. for 30 minutes in different tests); 

4) X-radiation followed immediately by heat; 5) Heat followed immedi- 
ately by X-radiation. — The effects of these treatments were measured 
by: 1) Injury (height of seedlings at 14 days); 2) Survival to maturity; 

3) Frequencies of chromosomal aberrations in root-tip cells and in 
pollen mother cells of X) plants (those grown from the treated seeds); 
4) Frequencies of seedling mutation in Xz head progenies. — The heat 
treatments alone had no perceptible influence on the injury, chromo- 
somal aberrations, or mutations. However, such heat treatments 
applied before the X-radiation significantly reduced the injury resulting 
from the irradiation, The effect on injury was more variable if the 
treatments were applied in the reverse order, that is, X-radiation 
followed byheat. In some of these comparisons the injury was more and 
in others less than that resulting from X~-radiations alone. Chromo- 
somal aberrations (as measured by chromatinic bridges at anaphase in 
root-tip cells and by interchanges at the first meiotic division in pollen 
mother cells were reduced by 30-50 per cent, regardless of whether the 
heat treatment was applied before or after the irradiation, On the other 
hand, the mutation frequency was increased from 30-50 per cent in the 
seeds given these combination heat and X-ray treatments. Thus, the 
same combination treatments resulted in: 1) A decrease in chromosom- 
al aberrations, and 2) an increase in mutations — a clear lack of paral- 
lelism between these two effects of ionizing radiations. 





CHASE, H. B. and P. F. FENTON, Brown University, Providence, 
R.I. The expression of obesity in yellow mice.* — The association of 
obesity with the dominant gene, AY, for yellow coat color is well known, 
yellow littermates, as AYa, being obese and non-yellow littermates, as 
aa, not being obese. It is also generally observed that with inbreeding 





*Work supported by grants from the Public Health Service, Anna Fuller 
Fund, and from the American Cancer Society, recommended by the Committee 
on the Growth of the National Research Council. 
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obesity is much reduced or entirely absent in these yellow mice. To 
restore obesity it is a common practice to mate the non-obese inbred 
yellows to mice of another strain and thus to obtain F) obese yellows. 
Such a procedure results in obese yellow hybrids only when certain 
strains are used, and success varies with different laboratories. In 
our laboratory the use of a high fat diet (47.5%) from the time of 
weaning, consistently causes marked obesity in both inbred and hybrid 
yellow mice, the non-yellow littermates remaining normal as to weight. 
Fatty livers have consistently been observed in obese yellow mice. 
Several liver tumors have been noted, The commercial stock ration 
(Purina Laboratory Chow) which is used in maintaining a healthy 
breeding colony of mice does not generally permit the expression of 
obesity and fatty livers in these yellow mice. The capacity to become 
obese apparently is present in all mice with the AY gene but may re- 
quire special feeding to be expressed. 


CLARK, A.M, and C;J. MITCHELL, University of Delaware, 
Newark, Delaware, — Radiosensitivity of Haploids and Diploids of 
Habrobracon, — Haploids and diploids of Habrobracon were exposed to 
x-rays during various stages of pupal development. The ability to 
emerge from the cocoon was taken as the criterion of viability. 
D-sage~eclosion curves show that diploids are more resistant than 
haploids at all stages of pupal development, During the earlier stages, 
diploids are about three times as radioresistant as comparable hap- 
loids, while during the later stages, the differential radiosensitivity is 
not as great. For haploid pupae the increase in resistance is exponen- 
tial with age. Younger diploid pupae increase in resistance at a rate 
identical to haploids, but older diploid pupae do not increase in re- 
sistance as rapidly so that the “survival” curves for haploids and di- 
ploids tend to approach each other in older pupae. Investigation of egg 
and adult stages is being done, These data indicate that a correlation 
exists between the genome number and radiosensitivity. They suggest 
that the deleterious action of radiation upon somatic tissues may be due 
to injury to the genetic mechanism. 





CONGER, A. D. and L, M. FAIRCHILD, Biology Division, Oak Ridge 
National Laboratory, Oak Ridge, Tennessee, The induction of chromo- 
somal aberrations by oxygen. — Treatment of dry pollen grains of the 
plant Tradescantia with oxygen (greater than 99.5% pure) produces 
chromosomal aberrations which can be observed at the pollen tube 
division on pollen culture slides. The aberrations produced are identi- 
cal with those found after irradiation with X or gamma rays. Pollen 
treated with oxygen from two different cylinders (evacuated 5 times, 
gas flushed 5 times) and pollen merely flushed with oxygen, all had 
aberration frequencies equivalent to that produced by about 600r of 
X rays in air. Control pollen (not evacuated) and air pollen (evacuated 
5 times, air flushed 5 times) had almost no aberrations, — Exposure of 
oxygen-treated pollen to but 2 r of gamma rays caused so many 
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chromosomal breaks that an analysis could be made of fragment fre- 
quency only. The fragment frequency was higher than oxygen alone, 
and roughly about what would be expected from 1000r of gamma rays 
in air. 


COOPER, D.C., University of Wisconsin, Madison, Wisconsin, 
The transfer of desoxyribose nucleic acid from the tapetum to the 
microsporocytes at the onset of meiosis, — Globules of desoxyribose 
nucleic acid form at the surface of the tapetal nuclei at that stage of 
anther development when the nuclei of the enclosed sporogenous tissue 
have reached the leptotene stage of meiosis, These bodies move to the 
inner surfaces of the cells, pass through the cell walls and collect in 
the intercellular spaces between the microspore mother cells. The 
centrally located nucleus of each microsporocyte gradually shifts its 
position and comes to lie in contact with the cell wall. The more or 
less paired chromonemata become somewhat polarized with their 
kinetochores adjacent to that portion of the nuclear membrane which 
is closely associated with the cell wall. The intercellular globules of 
desoxyribose nucleic acid collect in abundance opposite the regions 
where the microsporocyte nuclei and cell walls are in contact. These 
bodies become closely appressed to the wall and their contents pass 
through it into the adjacent nucleus and along the paired chromonemata 
bringing them into close association. The chromonemata become 
larger in diameter and take a deeper stain coincidental with the inward 
movement of this material. Shortly thereafter the nucleus within each 
microsporocyte resumes a central position and meiosis proceeds, 
Such elaboration and inward movement of nucleic acid has been followed 
in eight species of plants and its presence between the microsporocytes 
at the leptotene-zygotene stage of meiosis has been observed in another 
six species. 








DI PAOLO, J.A., Northwestern University, Evanston, Ill., An 
attempt to induce mutations in Drosophila melanogaster with nucleic 
acid components. — Third instar male larvae were treated by injec- 
tion into the area of the testis of the test substance dissolved in Holt- 
frater’s saline. All solutions were 1074 and consisted of adenine 
sulfate, guanine hydrochloride, thymine, uracil, cytosine, and thiouracil. 
For a control, male larvae were injected with Holtfrater's saline. All 
surviving males were subsequently mated to Muller=-5 virgins and the 
F2 was examined for sex-linked lethals. The results of the experiments 
are as follows: adenine sulfate, 1,090 chromosomes examined, 1 muta- 
tion found; guanine hydrochloride, 722 chromosomes, no mutations; 
uracil, 651 chromosomes, no mutation; thymine, 475 chromosomes, no 
mutation; cytosine, 215 chromosomes, no mutation; and thiouracil, 

486 chromosomes, no mutation, It is concluded that the substances used 
are not mutagenic when applied by the method of these experiments. 
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EDMONDSON, MARGARET, Indiana University, Bloomington, Ind., 
Induction of sterility mutations in ultraviolet-treated polar cap cells of 
Drosophila. — The embryos treated by Meyer, reported on in the 
parallel paper, were studied for induced and spontaneous recessive 
mutations which resulted in sterility or a high degree of infertility, 
but no externally visible effect. Both -sterility and -sterility were 
were found, but these were seldom associated. The ~-sterility mutants 
were at least twice as frequent as those with -sterility. The combined 
frequency of steriles (including partial steriles of strong effect) approx- 
imated that of lethals in the same material. Controls and photoreacti- 
vated embryos produced fewer complete steriles relative to partial 
steriles than did the embryos treated with uv alone. This result would 
seem ‘to indicate that a significant proportion of the complete sterility 
induced when there is a high mutation rate may be caused by mutation 
to partial sterility in two or more loci simultaneously. — All completely 
sterile mutants which had been found in this and previous uv-treated 
embryo experiments in this laboratory were cross-tested for possible 
allelism. None of the 21 -steriles showed allelism (as evidenced by 
non~appearance of either complete or partial sterility in the F)), while 
among 38 -steriles two pairs of alleles were found. This would indi- 
cate that a larger number of different loci in the second chromosome 
of Drosophila can produce sterility without other visible effects. — Work 
supported in part by grant from U.S, Public Health Service. 





FABERGE, A.C., University of Missouri, Columbia, Mo. Ultra- 
violet induced chromosome aberrations in Maize.* — A comparison 
has been made between the effects of 2537A. Ultraviolet radiation and of 
medium hard X-rays on the chromosomes of Zea mays endosperm, 
Pollen carrying four linked dominant markers, I, Sh, Bz, Wx, all affect- 
ing endosperm characters, was treated and used for pollinating plants 
recessive at these loci. By the detailed analysis of the mosaic patterns 
obtained, a method due to McClintock, several kinds of chromosome 
aberrations can be identified. Information obtained by this method is 
different from that given by standard cytological examination, All four 
markers are located in the short arm of the 9th chromosome, which 
represents only 2.7% of the pachytene length of the entire complement. 
Only aberrations involving this marked arm are identified. No aber- 
rations are missed because of selection since even the complete absence 
of this entire arm is viable under these circumstances, Simple defi- 
ciencies can be recognized, and breakage=fusion-bridge cycles initiated 
at any point distal to Wx. With certain limitations, rings, dicentric 
translocations and inversions if accompanied by a breakage-fusion- 
bridge cycle can be identified. Ultraviolet radiation produces all of 
these aberrations in large numbers. One of the most common effects is 
the production of breakage-fusion-bridge cycles. The same is true of 








*Work supported by a grant from the U.S. Public Health Service. 
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X-rays. At the time of writing this summary, no consistent differences 
between X-rays and ultraviolet have appeared, though the analysis of 
further data may reveal such differences, It is particularly desired to 
emphasize that these conclusions apply only to maize endosperm. 


FARNSWORTH, M.W., University of Missouri, Columbia, Mo. 
Effects of the homozygous Minute-IV deficiency on the development of 
Drosophila melanogaster. — Homozygous M=4 embryos were obtained 
from an inbreed of M=4/+ heterozygotes. M-4/M-=4 embryos die in the 
egg stage but cannot be distinguished from controls until after 10 hours 
of development. Major embryological anomalies are found in the mid- 
gut, foregut, and central nervous system. Although formation of the 
midgut proceeds normally, lengthening and coiling of this structure is 
greatly retarded. Fragility of the walls results in the release of yolk 
to the hemocoel. The midgut and body spaces are crowded with this 
material even in late stages, while in controls, such yolk is rapidly 
utilized. Therefore, it is concluded that yolk metabolism of M=4 
homozygotes is impaired. Foregut abnormalities consist of incomplete 
head involution, aberrant formation of the cephalopharyngeal apparatus, 
and failure of frontal sac development. The initially normal central 
nervous system is later characterized by loss of a variable number of 
ventral ganglia, usually the fifth through seventh, Certain intergang- 
lionic connectives fail to develop and two to three pairs of ganglia 
remain posteriorly when condensation of the nervous system occurs, 
Other abnormalities consist of incomplete differentiation of somatic 
musculature and failure of the esophagus, heart, and fat bodies to de- 
velop. The observations are interpreted in terms of the hypothesis 
that all anomalies of the M-4 homozygotes can be traced to a general- 
ized retardation in development occurring just before the time when 
such defects become visible. (supported by a National Research Council 
AEC Predoctoral Fellowship) 








FORD, LEOLA E., Iowa State College, Ames, Iowa. Heterozygous 
male-fertility in Coleus. — In Coleus a dominant gene (L) is respon- 
sible for deep lobes in leaves and the recessive results in shallow 
lobes. All observed plants of the genotype Ll have been male sterile, 
(Rife, 1940). In the fall of 1949 a male fertile green deep lobed plant 
designated 50-1 was selfed as test for homozygosity. The resulting 
progeny included a number of shallow lobed plants, Further tests of 
male fertile deep lobed plants are being conducted. 





FOSTER, M., University of Chicago, Chicago, IL, Pigment- 
Forming abilities in guinea-pig skin. — The inherited pigment-forming 





systems in rodent skin offer rich possibilities for the analysis of gene- 
enzyme relations. Preliminary studies on skin homogenates from 
guinea-pig foetuses, involving manometric measurements of oxygen 
consumption as well as observations on pigments formed in the reaction 
vessels, indicate the presence in foetal skin of both tyrosinase (producing 
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tan, brown and black pigments) and a tryptophane-oxidizing enzyme 
(producing yellow pigment), as well as inhibitors of both enzymes. 
These factors affecting pigmentation were previously demonstrated in 
mouse skin. The results obtained with various guinea-pig phenotypes 
are presented. (Work supported by a postdoctorate research fellow- 
ship from the National Cancer Institute, U.S. Public Health Service) 


FRASER, F.C. and T.D. FAINSTAT, McGill University, Montreal, 
Canada, Strain differences in the incidence of cleft palate in the off- 
spring of pregnant mice treated with cortisone. — The injection of 
cortisone into pregnant mice often leads to the appearance of cleft 
palate in the offspring. The effect varies with dose of cortisone and 
gestational stage at which treatment is begun, There are well-defined 
differences between strains in the incidence of offspring with cleft 
palate following maternal treatment. Cleft palate (without harelip) 
has never been observed in the offspring of untreated mice. Results 
for the various strains used, and preliminary studies on inter-strain 
crosses will be reported. 








GARDNER, Eldon J., Utah State Agricultural College, Logan, Utah, 
Genes producing a maternal effect in Drosophila melanogaster. — The 
tumorous head abnormality was shown to depend on a sex-linked gene 
(tu-1) and a third chromosome gene (tu-3), The tu-1 gene produced a 
maternal effect detected from the results of reciprocal crosses. Three 
“wild” laboratory stocks (Stephenville, Oregon R, and Crimea) were 
shown to carry alleles of tu-1 (tu-15, tu-1°, and tu-1°), Three other 
“wild” laboratory stocks (Woodbury, Florida 19, and Formosa) were 
found to carry modifiers of tu-3. Twenty-two other “wild” stocks, 
eleven laboratory mutant stocks, six tumor bearing stocks, and two field 
collections showed no genetic relationship with tumorous head. The 
maternal effect was influenced by temperature during a temperature 
effective period in the egg and early larval stages. The average 
penetrance was 79 percent at 25°C. The females showed a higher 
penetrance and expressivity than the males. Tumorous head flies 
were less viable than the controls, The greatest loss occurred during 
the early developmental period which coincided with the temperature 
effective period. Increased temperature during the critical period 
influenced the viability of tumorous head flies much more seriously 
than the controls. A maternal effect for viability as well as for the 
visible expression was detected. The gene (tu-1) is located near f in 
chromosome L This gene was found to have no influence on the 
visible tumorous head expression or the viability of the flies in the 
absence of tu=3 at either 21°C. or 30°C, 





GAULDEN, M.E., Biology Division, Cak Ridge National Laboratory, 
Oak Ridge, Tennessee. Prologned visible change produced by heat in 
the chromatin of living grasshopper neuroblasts. — Grasshopper 
embryos were subjected to heat by immersing eggs for 6 minutes in 
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water at 47° C. Embryos were made into culture preparations and 
observations on the living neuroblasts were begun immediately. Heat 
causes an increase in the refractive index of chromatin, the chromatin 
of different mitotic stages showing varying degrees of increased re- 
fractivity. Highly refractive chromatin is slightly birefringent in 
polarized light, while untreated chromatin shows no birefringence. The 
increased refractivity of heat-treated chromatin persists through 
several cell generations after treatment, which suggests that the 
change may be of genetic significance. — Heat does not produce any 
detectable changes in the DNA content or in the degree of polymeriza- 
tion of DNA in nuclei as determined by photometric analysis of Feulgen 
and methyl-green preparations respectively. It is suggested that the 
increased refractivity of chromatin is caused by reversible heat de- 
naturation of the protein moiety of chromatin. 


GILES, NORMAN H., JR., ALVIN V. BEATTY, and HERBERT 
PARKES RILEY, Biology Division, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee. The relation between the effects of temperature and 
of oxygen on the frequency of X-ray-induced chromosome aberrations 
in Tradescantia microspores. — Previous experiments of Sax and 
others have shown that the frequencies of X-ray-induced chromosome 
aberrations in Tradescantia microspores are greater at low than at 
high temperatures. The discovery of the effect of oxygen in increasing 
X-ray-induced aberration frequencies suggested that the greater 
solubility of this gas in water at low temperatures might be responsible 
for this temperature effect. To test this possibility inflorescences 
were irradiated in experiments in which the amount of dissolved 
oxygen was varied over a similar range in terms of volumes per cent 
in two different ways: (1) by using a constant percentage of O2 (5% O2 
plus 95% helium) and making a series of exposures at several different 
tempeyatures, between 0.6° and 40° C., and (2) by using a constant 
temperature (27° C.) and varying the percentage of O2 in the exposure 
chamber. Cytological analyses were made of chromosomal aberration 
types at the four= to five-day interval following irradiation. Exposures 
were also performed in the absence of oxygen (in pure nitrogen) at 
various temperatures. The experiments in O2 demonstrate that the 
increased yield of aberrations at low temper atures cannot be attributed 
entirely to increased oxygen solubility. There is a considerable 
additional effect of temperature itself. In the absence of oxygen, the 
unexpected result was obtained that the effect of temperature is exactly 
opposite to that noted in the presence of oxygen = the yield of aber= 
rations is considerably higher than at low temperatures. This stiuation 
is true not only for chromosome aberrations but also for all types of 
chromatid effects. The discovery of this reversal of the temperature 
effect in the absence of oxygen makes it unlikely that the effect of tem- 
perature is to be attributed solely to a modification of the behavior of 
broken chromosome ends during the recovery process, Rather, it seems 
probable that temperature exerts its effect, at least in the presence of 
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oxygen, on either the formation or effectiveness of some substance 
(or substances) produced in the cell by the radiation and responsible 
for chromosome breakage. 


GOWEN, JOHN W., and JANICE STADLER, Iowa State College, 
Ames, Iowa, and PLOUGH, H.H., and HELEN N. MILLER, Amherst 
College, Amherst, Mass. On the chemical basis for typhoid resistance 
in mice. — During the past four years we have been investigating 
some 79 different mutants of Salmonella typhimurium. These mutants 
have lost their capacity to synthesize an essential metabolite. Viru- 
lence and active immunization tests of the mutants and their parent 
strains were made in balanced experiments on six inbred strains of 
mice. A mutation, on the average, reduced virulence of the mutant 
over that of the virulent parent line. Different mutations were charac- 
terized by different effects on virulence. The mutants acquired specific 
characteristics for virulence as well as for the biochemical require- 
ments the mutation process altered. Theonine, phenylalanine, or 
methionine requiring mutants showed increased virulence, Adenine, 
hydroxyproline, arginine, isoleucine and leucine requiring mutants had 
less virulence than their non-mutated parents. The tests for acquired 
immunity showed a high negative correlation, -0,59, between the 
virulence of the mutant bacterial line and resistance to the virulent 
challenge dose of 11C. An adenine requiring mutant which had almost 
no virulence for mice likewise caused no increase in resistance of 
mice previously infected withit, Hydroxyproline and arginine mutants 
showed similar effects. Other mutants, as leucine and serine requiring, 
were low in virulence and high in their capacity to immunize. Different 
mutants to, the same requirement do not always show the same virulence 
or immunizing capacity, i.e., histidine requiring mutants. 





GREEN, M.M., University of California, Davis, California. The 
detection of mutant isoalleles at the vermilion locus in Drosophila 
melanogaster. — Wild type isoallels at the white and cubitus inter- 
ruptus loci in D. melanogaster and mutant isoalleles at the bobbed 
locus in D, Hydei have been reported previously by other investigators 
(Muller, Timofeef-Ressovsky, Stern, Spencer). By utilizing suppressor 
mutations it is possible to detect isoallelism among mutants at the 
vermilion (v) locus in D, melanogaster. A number of v mutants of 
X-ray and spontaneous origin which phenotypically appear to be indis- 
tinguishable may he separated on the basis of their phenotypes in the 
presence of suppressor mutants. Two allelic vermilion suppressor 
mutants, one spontaneous, one X-ray in origin, were used. Among the 
v mutants tested, some are suppressed in the presence of either 
suppressor mutant, while other v mutants are not suppressed by either 
and manifest the vermilion phenotype in the presence of either sup- 
pressor. The phenotypic behavior of the v mutants in the presence of 
the suppressor mutants thereby may be utilized to separate v mutants 
otherwise apparently identical. A further phenotypic separation of 
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unsuppressed v mutants appears possible on the basis of the phenotype 
in heterozygotes of the genotype: suppressor-v,v (suppressed)/ 
suppressor-v,v (unsuppressed). Such heterozygotes manifest pheno- 
types intermediate between vermillion and wild type, with the degree 
of intermediacy depending upon the particular unsuppressed v mutant 
used. 





HEIDENTHAL, GERTRUDE and LEONARD CLARK, Russell 
Sage College, Troy, N.Y. and Union College, Schenectady, N.Y. Survi- 
val rates of Halbrobracon eggs treated in first meiotic metaphase with 
low and high voltage x-radiation. — Studies were made on the survi- 
val of haploid eggs treated in first meiotic metaphase with low voltage 
(124 kv) and with high voltage (50 Mev) x-radiation. Dosage ranged 
from 100r to 1750r, Standard techniques previously developed by 
A.R. Whiting were used throughout. Since females were not mated in 
the first series of experiments, parthenogenetic development occurred 
among the surviving eggs up to larval stages when the observations 
were discontinued. The curves for low and high voltage are practi- 
cally identical: survival following treatment with 400r was 54% for 
high voltage and 51% for low; at 1500r the viability was about 5% for 
both types of radiation. The curve for low voltage is essentially a 
confirmation of that found by A.R. Whiting. — Other studies were made 
of eggs treated with low voltage but laid by females which were mated 
following irradiation. Under these conditions it would be expected that 
if recessive lethals were present, viability should increase, Since the 
curves for eggs from mated and from unmated females are so very 
nearly alike, it is tentatively concluded that death of eggs is to be at- 
tributed to dominant lethals. 








HERSKOWITZ, LH., Louisiana State University School of Medicine, 
New Orleans, La. Mutation rate in D. melanogaster males treated 
with formaldehyde and 2,4-dinitrophenol.* — Although earlier work 
failed to demonstrate that 2,4-dinitrophenol (DNP) is mutagenic, ex- 
periments were undertaken to determine whether it is capable of in- 
fluencing the mutative action of formaldehyde. The rate of recessive 
lethal mutations on the X chromosome in gametes of males raised 
from 48 hr. of age on food containing 0.13% formaldehyde and either 
15 or 60 mg DNP per 50 cc medium was determined by the Muller-5 
method. Up to 12 gametes were tested per male. There were 27 
lethals in 880 spermatozoa tested from 87 males treated with the lower 
amount of DNP, including 2 lethals from each of 4 males. In 98 males 
treated with the larger amount of DNP there were 19 lethals in 1040 
gametes tested, including 2 lethals from each of 5 males. Males 
grown in food containing 15 mg DNP, or 0.13% formaldehyde, or both, 
were mated to attached-X females and more than 8000 male offspring 








*This project was supported by a grant from the National Cancer Institute, 
U.S. Public Health Service. 
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examined for visible mutations. Visibles were not any more frequent 
when DNP was present in addition to the formaldehyde than when only 
formaldehyde was administered. It is concluded from these results 
that DNP does not enhance the mutagenic potency of formaldehyde. 
The importance of determining the mutation rate in single individuals 
for the interpretation of the action of mutagens is discussed. 


HOLLANDER, W.F., Yale University School of Medicine, New 
Haven, Conn. Recessive genes epistatic to dominants. — The well 
known F2 ratio 9 : 3 : 4 has long demonstrated that a homozygous re- 
cessive gene may mask a non-allelic gene, either recessive or domi- 
nant. However, text-book discussions and glossaries do not specifi- 
cally include this phenomenon in the category of epistasis. There has 
been a tendency to limit that term to dominant genes. But since mask- 
ing is the main point, greater inclusiveness seems desirable. There- 
fore a revision of the definition of epistasis is proposed: “The mask- 
ing of the phenotype of a mutant or non-standard gene by that of 
another, not an allele.” Where chromosomal anomalies have phenotyp- 
ic effects, the term “mutant gene” may include them, also. — Exam- 
ples of recessive mutants epistatic over dominants are not infrequent: 
in general, albinism or white, over any other color mutant; in Droso- 
phila, vestigial wing over beaded; in mice, hairless over wavy; and in 
pigeons, red plumage color over dominant patterns, as well as porcu- 
pine plumage over silky. 





HUESTIS, R.R. and RUTH WILLOUGHBY, University of Oregon, 
Eugene, Oregon. Eye spotting in the deer mouse. — Peromyscus 
with eyes both of which look red because they lack pigment in the 
stroma of the iris and in the choroid and sclera have young with both 
eyes red, with one red and one black eye or with both eyes black, All 
these classes of young may, in turn, have young in all these classes 
but not in the same proportions, there being parent offspring correla- 
tion in the amount of eye pigment. — Twenty-nine of fifty mice selected 
at random from a group all of which had one red and one black eye, 
proved, upon low power examinat on, to have spotted eyes; light spots 
in the black eye or dark spots on the red eye or both. Black eyes were 
more often spotted than red ones and spots were more often small then 
large. The light spots in dark eyes tend to be located near the entrance 
of the optic nerve and central retinal artery, while the dark spots on 
red eyes tend to be near the ciliary body. The gradient of pigment de- 
position is, therefore, similar to that of scleral differentiation and per- 
haps causally connected with it. 





HUNGATE, F.P. and T. MANNELL, Reed College, Portland, Ore. 
Sulfur-35 as a mutagenic agent. Radioactive sulfur was chosen as a 
desirable isotope to test for mutagenic properties. Sulfur is a part of 
the sulfhydryl group which is known to be essential to some enzymes. 
The possibility that genes and enzymes are similar suggests that sulfur 
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may be necessary in the functioning of some genes. Sulfur-35 is easy 
to use in the laboratory due to its weak beta particle and its convenient 
half-life of 87 days. — Neurospora crassa was grown on Fries Medium 
in which sulfur-35 as sulfate had been substituted for the normal sul- 
fur. After growing the mold for varying periods of time, the conidio- 
spores were suspended and plated according to the method of Tatum, 

Barratt, and Cutter (Science 1949), — When the radioactive sulfur was 

undiluted with non-radioactive sulfur, a recovery of more than 10% 

biochemical mutants was obtained even when the radiation absorbed by 

the mold was well below.10,000 reps. When non-radioactive sources of 

sulfur were also present, this rate was reduced. The fact that the pre- 

sence of carrier sulfur reduces the mutation rate suggests that the 

mutations may be induced not only by the ionizing beta particle but also 

by the transmutation itself. — The mutants identified have in most part 

shown an inability to synthesize some amino acid. Those whose re- 

quirements have been identified include arginineless, methionineless, 

and leucineless, as well as some having more complex requirements, 








JENKINS, J.A. and G. MACKINNEY, University of California, 
Berkeley, Calif. Inheritance of carotenoid differences in yellow- 
tangerine hybrids of the tomato. — Repeated studies of the yellow-red 
and the tangerine-red hybrids have demonstrated that the two mutants, 
yellow (rrTT) and tangerine (RRtt) differ from the common red tomato 
(RRTT) at two independent loci. Red tomatoes contain about 95% lyco- 
pene, 5 beta-carotene and traces of other carotenoids. The tangerine 
has about the same total carotenoid content and about the same amount 
of beta-carotene. However, the predominant pigment is prolycopene 
with appreciable quantities of zeta-carotene and poly-cis-psi-carotene, 
On the other hand, yellow tomatoes have a much lower total carotenoid 
content, which is largely beta-carotene with small amounts of lycopene. 
— Although the yellow and tangerine loci have been placed in different 
linkage groups, there has been no previous report on the yellow-tan- 
gerine hybrid. As expected, the F, (RrTt) is red and has a carotenoid 
content indistinguishable from homozygous red. The F2 segregated: 

50 red: 17 yellow: 24 tangerine, which fits a 12:3:4 ratio. Carotenoid 
analysis of the F2 and selected F3 progenies showed that the F2 tanger- 
ines were of two types in the expected 3:1 ratio. The first was like the 
tangerine parent, the second, though visibly similar, had a distinctly 
different carotenoid content. This second type, the double recessive 
(rrtt), surprisingly enough, was more highly colored than the yellow. 
The predominant pigments were prolycopene and other lycopene iso- 
mers (no evidence of all-trans-lycopene) together with appreciable 
amounts of beta-carotene and phytofluene. 








JOHNSON, B. LENNART, University of California, Los Angeles, j 
Calif. Effect of other genes and of potassium nutrition on the expres- 
sion of the lethal factor in stocks. — In stocks the inheritance of 
double=- and single-flowered plants in a ratio of about 55:45 is governed 

















557 


by a dominant factor for single, linked with a factor fully lethal to the 
pollen but only partially lethal to the eggs or zygotes carrying it. 
Singles which alone produce seed are heterozygous for both pairs of 
factors. Variation in percentage of doubles appears to be related to 
adversity of environment as well as to genetic differences. Three 
strains differing in percentage of doubles were selected in one variety 
of stocks. The growth rates of doubles and singles in each strain were 
tested in sand cultures with three levels of potassium. On height of 
plant and length and width of the 8th leaf taken weekly, the doubles were 
significantly larger than the singles. The strain selected for the high- 
est percentage of doubles was significantly smaller than the other two 
in plant height and length of leaf for both singles and doubles, indicat- 
ing that the size difference was governed by factors other than the 
lethal, and suggesting that these factors favor the elimination of sin- 
gles. Significant differences due to K levels for doubles and singles 
combined appeared in leaf length and width. Although genetic differ- 
ences are frequently observed in the relative leaf width of doubles as 
compared with singles, there were no such differences between selec- 
tions in this case. There were, however, significant interactions of K 
level with doubles vs. singles on leaf width and plant height. 


JONES, DONALD F., The Connecticut Agricultural Experiment 
Station, New Haven, Conn. The induction of cytoplasmic pollen steril- 
ity and the resotration of fertility in maize. — Three different sources 
of cytoplasmic pollen sterility have been used to convert many standard 
inbred lines to the pollen sterile condition by successive backcrosses 
with normal plants. The three sources behave essentially alike, with 
some differences in potency, and are similar in their behavior to the 
cytoplasmic steriles in other species. Pollen production ranges from 
complete abortion to complete fertility with little or no effect on other 
characters. Cytoplasmic steriles, with restored normal fertility, may 
be maintained in the homozygous condition. When these plants are 
crossed with other fertile lines, not carrying genes for pollen restora- 
tion, the condition of cytoplasmic sterility reappears in the second 
generation as a Mendelian recessive. Thus within the species the ex- 
pression of this cytoplasmic character is completely under genic con- 
trol and cytoplasmic sterility can be induced by crossing two normal 
appearing fertile lines. 








KIMBALL, E., Clinton Experimental Farm, Clinton, Conn, Reces- 
sive black plumage in the fowl. — Pyle-zoned black fowls occur as 
segregants of wild type X extended black, and wild type X autosomal 
barring. Selective breeding produces an array ranging from complete 
pyle-zoning, at one extreme, to self=black, at the other. Representa- 
tives of phenotypic classes within the array all breed as carriers of 
the pyle-zoning potential. Variable expression of the pyle zone is at- 
tributed to differential polygenic complements. — The symbol et is 
proposed for a basic plumage pattern gene associated with (1) specific 
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black pigment deposition, and (2) characteristic restriction of the latter 
as sexually dimorphic pyle-zoning. Fowls of the genotype (et e*) are 
designated pyle-blacks. Major genes for stippling (Sg), autosomal 
barring (Bg), and penciling (Pg) are epistatic to et black, but hypo- 
static to E black. Gene et is a recessive allele of e (columbian re- 
striction), and of E (extended black), Brown Leghorns, Golden Cam- 
pines, and Partridge Rocks are genetically black fowls of the genotype 
(et et), black in these instances being hypostatic to secondary pattern 
factors. A study of junglefowl and junglefowl-hybrid phenotypes sug- 
gests that (e+ e') is characteristic for the genus Gallus. — Wild type 
(e+) black in the fowl is comparable to recessive black of mammalian 
pelage; whereas, extended (E) black in the fowl is comparable to mam- 
malian dominant black. Wild type (e+) black is recommended as 
standard of reference in determining dominance of secondary plumage 
pattern factors. 


KIMBALL, R.F. and NENITA GAITHER, Biology Division, Oak 
Ridge National Laboratory, Oak Ridge, Tennessee. Modification of the 
action of X rays upon Paramecium aurelia, — A number of agents 
which previously have been shown to modify one or more effects of X 
irradiation have been tested on Paramecium aurelia. The mutagenic 
action of X rays in doses of one to six kiloroentgens was found to be 
reduced when the irradiation was performed in an atmosphere of ni- 
trogen or in the presence of 0.7 M ethyl alcohol. On the other hand, 
0.001 M sodium hydrosulfite, a reducing agent, had no influence on 
mutagenesis. No effect of the metabolic state was found since irradia- 
tion of either fed or starved paramecia, with or without incubation with 
0.01 M sodium formate, produced identical amounts of mutation, Like- 
wise the rapidity of multiplication of the cells after irradiation, as in- 
fluenced by temperature, was without influence. Two nongenetic 
actiens, division retardation and death within twenty-four hours, were 
studied using doses of 100 to 300 kiloroentgens. Both the amount of 
division retardation and of death were decreased by 0.7 M ethyl alcohol 
present during irradiation. Sodium hydrosulfite (0.001 M) clearly pro- 
tected against the lethal action but had no influence upon division delay 
or, perhaps, enhanced it. Neither starvation nor incubation with for- 
mate was found to have any effect. Thus there is at least one agent 
which affects a variety of different kinds of radiation damage in Para- 
mecium. It may be suggested that some step which is common to the 
various effects is involved. However, it is possible that some agents 
influence the steps leading to certain kins of damage only or else act 
more effectively upon one kind than the other. 











KIRBY-SMITH, J.S., Biology Division, Oak Ridge National Labora- 
tory, Oak Ridge, Tennessee. Effects of infrared irradiation on the 
frequency of X= and gamma-ray-induced chromosomal aberrations in 
Tradescantia pollen tubes. — Tradescantia pollen has been treated 











with 250 kv X rays and 1.3 mev gamma rays in combination with near 
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infrared radiation in the 9500-30,000 & region. The temperature of the 
material during infrared radiation has been closely controlled to elim- 
inate the possibility of thermal effects. Measurements of the infrared 
absorption spectra of Tradescantia pollen show that, in the present ex- 
periments, an appreciable amount of infrared energy is reaching the 
nuclei. Typical near-infrared absorption curves will be presented. 
The chromosomal aberration frequency in the pollen tube division fol- 
lowing irradiation has been studied. No significant difference in the 
aberration frequency, including interchanges, has been observed be- 
tween material treated with X or gamma rays alone and material given 
near infrared radiation immediately before or after exposure to X rays 
or gamma rays. 


KOESTER, M.L., Brookhaven National Laboratory, Upton, L.I, 
New York. The effect of continuous gamma radiation upon starch 
formation in Zea mays pollen*. — Mature pollen from corn plants was 
tested with 0.2 per cent solution of iodine potassium iodide to determine 
those grains which were not completely filled with starch and for this 
study classed as abnormal. Plants used in this experiment received 
from 0.09 r to 222.2 r per day throughout the growing season. A re- 
lationship was found between dosage received and percentage of abnor- 
mal pollen produced. Pollen from plants which received dosages up to 
1,3 r per day showed no increase over the control in the percentage 
abnormal, but for dosages above 2.6 r per day there was observed a 
gradual increase in the percentage of abnormal pollen grains, The 
highest dosage studied gave the greatest percentage of abnormal 
pollen, 57.0 per cent. When the log of the dose was plotted against the 
percentage of abnormal pollen, the data were shown to fit a portion of 
a sigmoid curve. 








LAUGHNAN, J.R., University of Illinois, Urbana, Ill. Reaction 
sequence in anthocyanin synthesis in maize. — The factors A), Az and 
Bz are complementary in the synthesis of anthocyanin pigment in 
maize. When anthocyanin synthesis is blocked individually by the re- 
cessive forms of these genes, brown pigments are produced alterna- 
tively. Since the phenotypes associated with these three recessives 
are different it should be possible to obtain information about the se- 
quence of action of these factors in anthocyanin synthesis. Thus in the 
doubly blocked a)a) azaz2 BzBz plant the expected phenotype is that 
characteristic of the recessive form of the prior acting gene, either 
A) or Az in this case. — Preliminary genetic studies indicate that the 
phenotype of the aja) a2a2 BzBz is indistinguishable from that of the 
aja) A2A>2 BzBz plant, which on a conventional basis is interpreted to 
mean that A) acts prior to Az in the biosynthesis of anthocyanin, 
However, no straightforward interpretation is possible in the case of 
the other double recessive which has been tested; A)A) aza2 bzbz 
plants resemble neither A,}A) azaz BzBz nor A,A) A2A2 bzbz 





*Research carried out at Brookhaven National Laboratory under the 
auspices of the U.S. Atomic Energy Commission. 
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individuals but exhibit a phenotype not previously observed. This new 
phenotype is explained if it is argued that Az (or Bz) agent is capable of 
transforming notonly ananthocyaninprecursor butis involved also in a 
step in the shunt synthesis leading to brown pigments when anthocyanin 
synthesis is blocked by bz (or az). The possibility that one gene may 
be involved in more than one step where, however, there is a high 
probability of a close relation between the substrates would be better 
tested with Neurospora, for which shunt pathways are known also and 
in which the substrates involved may more easily be identified. 


LEDERBERG, E.M., University of Wisconsin, Madison, Wisconsin, 
Lysogenicity in E. coli K-12. — lLysogenicity or latent virus was 
accidentally discovered when a sensitive indicator strain (W-518) was 
found, isolated as a UV mutant for an unrelated character. Mixed 
culture of W-518 and K-12 or its derivatives resulted in the weak lysis 
of W-518. The virus obtained from plaques, lambda, is carried by all 
other K-12 derivatives in a latent form and to which W=-518 is uniquely 
sensitive. Stably lysogenic W-518 strains can be isolated from plaques 
of free virus or virus liberated by lysogenic cultures. A third pheno- 
type (immune) which is lambda-resistant, non-lysogenic, and non- 
infectable occurs among the survivors of lysogenic cells treated with 
UV or of W-518 exposed either to lambda or a second virus, lambda=2 
(probably a mutant of lambda). The latter virus was detected following 
UV treatment of a lysogenic culture, and attacks all classes except | 
certain immune forms, Lambda=2 cannot be demonstrated as a latent 
virus in the resistant survivors. However, the maintenance of lambda 
is not affected by resistance to lambda-2. Strains sensitive to lambda 
are always sensitive to lambda-2; resistance to lambda=2 in these forms 
is always accompanied by resistance to lambda. Systematic examina- 
tions of lysogenics reveals a high incidence of resistance to lambda-2, 
which might have been accumulated either by a high spontaneous mu- 
tation rate of sensitive to resistant bacteria, or by selection of resistant 
bacteria by virus mutants. The progeny recovered from intercrosses 
among lysogenic, sensitive, and immune strains (all sensitive to lambda) 
consists only of parental forms. The two immunes (sensitive and re- 
sistant to lambda=2) are non-allelic. 








LEFEVRE, GEORGE, JR., and F.J. RATTY, Jr., University of 
Utah, Salt Lake City, Utah. X-ray induced effects in the white-Notch 
region of wild-type and white-mottled-4 chromosomes of Drosophila 
melanogaster. — Canton-S + and w™* males were exposed to similar 
X-ray doses of approximately 5000 r. The relative frequencies of 
viable white mutations, inviable white changes, notches, and simul- 
taneous losses of both the white and Notch loci were determined. 
Examination of nearly 35,000 offspring disclosed that the incidence of 
white lethals was sensibly the same in the two series, likewise the 
Notches. However, viable whites were twice as numerous in w™4 as 
in Canton-S +, and white-Notch deletions about 16x more frequent in 
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wm4, In each series the number of Notches was almost exactly equal 
to the sum of the number of viable white plus the white lethals. — The 
failure to find more white lethals in w™* than in Canton-S +, even 
though the w=-N deficiencies were enormously more frequent, implies 
that many of the viable whites induced in wm4 were actually defi- 
ciencies that would have beeninviable if a loss of similar extent had 
been produced in a normal chromosome where the w* locus is 
surrounded by euchromatin. A consistent interpretation of the re- 
sults can be made on the assumption that all X-ray induced effects, 
viable and inviable, actually are the result of destruction of genetic 
material. When viable, the loss may consist of only one gene or less, 
and be cytologically undetectable. Longer euchromatic deficiencies 
will be almost invariably lethal. The Notch locus may well be more 
“important” than the wt locus. Any loss in the former, however 
small, is homozygous inviable. 


LEIN, P.S. and J. LEIN, Syracuse University, Syracuse, N. Y. 
Suppression of non-allelic acetate requiring mutants of Neurospora, — 
Two acetate requiring mutants of Neurospora crassa were isolated in- 
dependently and designated S210 and S34. Of all the growth factors 
tested, these mutants responded only to acetate or fatty acids. Pre- 
sumably, the latter substances were degraded to acetate, thus permitting 
growth. Attempts to cross the mutants directly were unsuccessful. 
They did, however, form heterocaryons with each other and these were 
crossed separately with S210 and S34. Isolation of wild type ascospores 
from these crosses demonstrated that these mutants were nonallelic. 

A culture of S34 in liquid minimal grew after eight days. A cross of 
this culture to wild type yielded segregations indicating the presence 
of a suppressor gene. This was confirmed by crossing wild type 
containing the suppressor to S34. When the same wild type was 
crossed to S210, the acetate requirement was again suppressed in 
those mutants containing the suppressor gene, The genetic data showed 
that the genes responsible for the acetate requirements of S210 and S34 
and the suppressor gene were on the same chromosome. The finding 
that a gene can suppress non-allelic mutants in this case but not ina 
case previously reported by Houlahan and Mitchell (Proc. Nat. Acad. 
Sci. 33:223, 1947) is tentatively thought to be due to the fact that in 

the mutants described here, another pathway for acetate formation has 
become functional in the presence of the suppressor gene. 








LEVITAN, M., Virginia Polytechnic Institute, Blacksburg, Va. 
Response of the chromosomal variability in Drosophila robusta to 
seasonal factors in a Southwest Virginia woods. — In Drosophila 
robusta collected in a woods near Blacksburg, Virginia the frequencies 
of the gene arrangements in the left arm of the X and the left arm of 
the second chromosome showed significant changes between the spring 
and fall of 1950. Directional changes also occurred in the X-right arm 
but were not statistically significant. In the spring of 1951 these 
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frequencies were found to have generally returned to their spring, 
1950, values. In previous work with this species near St. Louis, Mo. 
and New York, New York cyclic seasonal changes appeared to be 
absent. The Blacksburg data indicate that D. robusta resembles 

D. pseudoobscura and D, funebris in that, in at least some localities, 
the chromosomal polymorphism is utilized partly in adaptation to 
seasonal variations inthe environment, 





LIEB, MARGARET, California Institute of Technology, Pasadena, 
California. Studies of a bacteriophage carried by Escherichia coli, 
strain K12. — A phage, lambda, is normally carried by cells of strain 
K12 of Escherichia coli; small doses of ultraviolet radiation induce 
lysis of K12 cultures and the release of large numbers of lambda par- 
ticles. A substrain called Sens (W1294 from E. Lederberg) is non- 
lysogenic and, unlike the original K12, sensitive to lambda. When 
lambda is grown on Sens, the latent period is 38-40 minutes and the 
burst size 70-150. 10% to 100% of the cells of a Sens culture are 
lambda resistant, depending on cultural conditions. The proportion of 
resistants (Sens™) can be varied at will and there is evidence that 
genetic factors are not responsible, Sens cultures do not exhibit 
varying sensitivity to phages of the T series. In cultures predominantly 
sensitive (Sens$), the majority of Sens cells are pre-lysogenic, i.e., 
after brief exposure to lambda they give rise to cultures indistinguishable 
from the original lysogenic K12. There are few such prelysogenic 
(SensT!) cells in predominantly Sens’ cultures. Lambda adsorbs on 
Sens‘ cells but remains sensitive to anti-lambda serum. Small doses 
of ultraviolet radiation cause loss of a much greater proportion of the 
sens’ cells than of Sens® cells in a culture, particularly in cultures 
which are chiefly SensS. An absolute increase in the number of SensS 
cells after-ultraviolet treatment suggests that Sens‘! cells can be con- 
verted from pre-lysogenic cells into phage yielders before infection 
with lambda. 








LINDEGREN, CARL C. and GERTRUDE LINDEGREN, Southern 
Illinois University, Carbondale, Ill. Multiplicity function of genes 
controlling carbohydrate fermentation in Saccharomyces. — The 
complex breeding stock of Saccharomyces which we have developed in 
our laboratory is the outcome of the interbreeding of four species of 
Saccharomyces: S. cerevisiae, S. carlsbergensis, S. chodati and S. 
microellipsoideus, none of which is capable of fermenting melezitose. 
The.ability to ferment melezitose was introduced into the stock by a 
series of crosses with a culture designated Y-650 as S. cerevisiae. 
This organism was capable of fermenting galactose, sucrose, maltose, 
turanose and melezitose, but neither -methyl glucoside nor melibiose, 
and fermented raffinose slowly. — Genetical analysis of breeding stock 
has demonstrated that the differentiation of the progeny with regard to 
the ability to ferment maltose could be ascribed to the presence of a 
gene pair MA/ma. The N.R.R.L.-Y-650 culture carried an allele of MA 


























563 


which also controls the fermentation of maltose and has been designated 
MATSZ since it controls the fermentation of turanose, melezitose, and 
sucrose in addition to maltose, in contrast to MA which is incapable of 
conferring ability to ferment either melezitose or sucrose. Widespread 
samplings have revealed that all maltose-positive cultures are capable 
of fermenting turanose and that no ma cultures are capable of fermen- 
ting turanose. MA, therefore, is designated MAT; the superscript 
indicates that the ability to ferment turanose is associated with the 
MAT gene. The allele from Y~-650 is designated MATSZ; the super- 
script indicating that turanose, sucrose, and melezitose fermentation 
are controlled by this gene. 


LUCE, W.M., University of Illinois, Urbana, Il. Reduction in facet 
number in full-eyed (reverted Bar) Drosophila by X-rays. — Larvae 
of an inbred full-eyed (reverted to full from Bar) strain of Drosophila 
melanogaster, kept at 28 degrees C., were treated with X-ray dosages 
ranging from 1000 to 3000 r applied at the rate of 500 r per min. The 
corneas of the eyes of the imagoes which developed from the treated 
larvae were dissected off, mounted on slides, projected, and the facets 
counted. The X-rays produced a reduction in facet number. The rate 
of reduction was approximately 0.075 facets per r. The X-rays when 
applied before the larvae were 54 hours old (reckoned from the time 
when the larvae were laid as eggs) had no effect. Larvae treated at 
anytime when they were from 59 to 80 hours of age responded with 
essentially similar rates of reduction in facet number per r applied, 
with some evidence that the rate was less for the lowest dosage used 
(1000 r). — The X-rays prolonged larval development. The rate of 
prolongation, approximately 0.011 hrs. per r, appeared nearly constant 
for all X-ray applications within the age limits (38-80 hrs.) used in 
this experiment with the qualification that the 3000 r treatments had a 
slightly diminished effect on the rate of prolongation. 











MACFARLANE, EILEEN W.E., A.A. KATZBERG and J;E. ALBERS, 
Institutum Divi Thomae, Cincinnati, Ohio. Degrees of Mitotic Poisoning 
in corneal cells. — The right corneas of mice were irrigated every 
hour for six hours with phenyl mercuric hydroxide (PMOH) 3.4 x 1075M 
to 1 x 10°3M. The left cornea acted as control. Comparison of the 
proportions of mitotic stages showed, with increased concentration, an 
arrest first in telophase, then in prophase (PMOH 1.4 x 1074M), finally 
in metaphase in c-mitosis with PMOH 3.4 x 10°4M and stronger. With 
PMOH 3.4 x 10°4M and shorter treatment, arrest in prophase appeared 
after one hour with alternating phases of increase and depression of 
anaphase until the spindle was suppressed after 6 hours. In the early 
phase of spindle suppression an increase in both prophase and meta- 
phase occurrs and the M/P ratio is unchanged. Using basic phenyl 
mercuric nitrate (PMN) on rat corneas 7.8 x 107°M was the threshold 
for suppression of spindle formation with 6 hours treatment. Half this 
concentration caused an increase in prophases after 6 hours and 3 hours 
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later an amitotic phase appeared, The cells had recovered to normal 
18 hours after end of treatment. A 1% beef spleen extract, similarly 
applied, produced a marked arrest at metaphase, After the extract 
was applied for 6 hours in PMN 7.8 x 1075M, normal mitosis was 
present, but there was an arrest in telophase indicating a slight degree 
of poisoning which affected the spindle fibres. 


MARKERT, C.L., University of Michigan, Ann Arbor, Mich. 
Comparative gene stability in Glomerella and Neurospora. — More 
than 100 auxotrophic mutants of Glomerella have been induced by the 
mutagenic radiations - ultraviolet light, X-rays, and fast neutrons. 
The specific nutritional requirements of 74 of these mutants have been 
determined by methods comparable to those commonly used with 
Neurospora. These data make possible (1) a comparison of the quali- 
tative mutagenic effects of the three types of radiation, and (2) a 
comparison of the relative frequencies of the various kinds of radia- 
tion-induced auxotrophic mutants in Neurospora and Glomerella. — 
The data do not reveal any qualitative differences in the types of 
mutants induced by the three radiations used. However, ultraviolet 
irradiation appears to induce the most easily repaired type of genetic 
damage, since ultraviolet-induced mutants revert to wild type much 
more frequently than X-ray or neutron+induced mutants. — Since 
Glomerella and Neurospora are related fungi, it is not surprising that 
the commonly occurring mutants of Neurospora are also found in 
Glomerella and in similar relative proportions. Thus the genes which 
control homologous reactions in these two organisms appear to possess, 
in general, comparable stabilities, In contrast to Neurospora all 
auxotrophic mutants of Glomerella are visibly different from wild type 
on a complete medium, Two unusual types of Glomerella mutants are 
those requiring biotin and one which requires glutathione. 





MERRELL, D.J., University of Minnesota, Minneapolis, Minn. 
Selective mating in laboratory populations of Drosophila. — On the 
basis of mating experiments, the changes in frequency of four sex- 
linked recessive genes (y, ct®, ras2, f) in populations of D. melano- 
gaster were predicted. The predictions were tested by observation of 
the actual changes in laboratory populations. Each mutant was in 
competition with its wild type allele. The genes, y and ct, which re- 
duced the mating success of the males to about 0,1 that of the wild 
type, were eliminated most rapidly. Males with ras mated 0.5 as fre- 
quently as wild type males while mating in the case of f was at random. 
Elimination of ras was slower than that of y and ct from the popula- 
tions, but more rapid than that of f. Thus, the results in the popula- 
tions parallel closely the results of the mating experiments, That 
selective mating is a major factor in the elimination of y, ct, and ras 
but not f can be demonstrated by an analysis of the frequency of the 
mutant genes in the males and females separately. If the mutant males 
mate less frequently than the wild type, the frequency of the mutation 
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(estimated by the Hardy-Weinberg formula) will appear to be lower in 
the females than in the males. Such an analysis of the data from the 
populations shows the frequency of f to be the same in both sexes, but 
the apparent frequency of y, ct and ras is always lower in the females 
than the males, 


MEYER, HELEN U., Indiana University, Bloomington, Ind. 
Photoreactivation of ultraviolet mutagenesis in the polar cap of 
Drosophila. — Ultraviolet of predominantly 2537 A (G.E. germicidal 
lamp) was administered to the polar cap of Drosophila embryos, after 
filtering out visible and non-mutagenic ultraviolet waves. Both treated 
embryos and controls were divided into two groups: one protected from 
non-mutagenic radiation below 5400 R during and for 52 hours after 
treatment, the other illuminated by visible light (15-watt Westinghouse 
“Daylight” fluorescent tube, 2-3 cm, distant) during and for 1-1/2 hours 
following uv treatment. The illuminated group showed considerable 
recovery from the uv effects, as evidenced by increase in rate of sur- 
vival of embryos, higher fertility after reaching maturity, and greater 
number of polar cap cells per fly which resulted in functional germ 
cells. The last conclusion was based on the smaller average size of 
groups of mutants of common origin, relative to the total number of 
tested offspring from a treated individual. — A genetic technique, new- 
ly designed by Muller, for scoring mutations in the second chromo- 
some, facilitated this investigation and gave significant evidence that 
“photoreactivation” occurs in the chain of processes leading to gene 
mutation itself. This was not effectively shown at very high doses, 
where the longer-wave radiation may have saved the life of a dis- 
proportionally greater number of those cells into which an exception- 
ally large amount of uv had penetrated. At medium doses, however, 
the longer waves usually reduced the observed mutation rate to con- 
siderably less than half the value found with uv alone. — Similar re- 
sults are reported by L. Altenburg (personal communication. — Work 
supported by grant from U.S. Public Health Service. 





MICKEY, GEORGE H., Northwestern University, Evanston, IL. 
The origin in a mosaic of a new third chromosomal dominant eye 
mutation in Drosophila melanogaster. — A new rough eye mutation 
arose in a single mosaic male among 102 progeny of a female treated 
with cold shock at an early embryonic stage. The mosaic male showed 
the expected dominant markers Pin and Blister-like but only the 
right eye was rough. When mated to a series of wild type females he 
produced 788 offspring, only one of which showed the rough eye trait. 
In numerous pair matings of sibs no rough eyed individuals appeared. 
The F) rough eyed male produced 50% offspring rough in both sexes, 
Crossing tests proved it to be a third chromosomal dominant gene, — 
Obviously the mutation occurred during cleavage in the mosaic fly, 
some of the mutant cell progeny going to produce the imaginal disc of 
the right eye and at least one mutant cell entering the testis thus 
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constituting a mosaic gonad. Various hypotheses have been tried to 
explain the very low proportion of mutant offspring of the mosaic male. 
The most plausible seems to be that at the time the gonad was formed, 
only a single mutant cell was included. Subsequently it failed to divide 
as rapidly as the others, or some of its progeny went to form the 
testis sheath, Sertoli cells, etc., so that perhaps only one or two 
mutant cells actually gave rise to germ cells. 


MILLER, W.J., University of Wisconsin, Madison, Wis. The time 
of appearance of species specific antigens of Columba guinea in the 
embryos of backcross hybrids, — The species specific antigens A, 
B, C, E, and F of the red blood cells of Columba guinea, in contrast to 
C. livia, as present in backcross hybrids and in offspring of matings 
inter se of backcross hybrids, were demonstrable as early as blood 
cells could be obtained from the embryo - i.e. about the 29 somite 
stage or at 72 hours of incubation. All the specified antigens as found 
in the embryos and squabs were present in agglutinating strength ap- 
proximately equal to that of control cells from mature birds, with the 
exception of antigens A and F which, although present in the embryonic 
cells, tended to disappear at the hatching of the squab. However, the 
red blood cells carrying A and F regained their titer and agglutination 
strength slowly during the tirst 2 weeks to two months after hatching. 
— It seems probable that these antigens of guinea first appear at the 
same time and stage of every individual and are maintained throughout 
life in approximately constant strength, with the exception of A and F. 
This view is supported by (1) realization of expected approximate 
proportions of embryos and squabs possessing the antigen as deter- 
mined by the kind of mating involved, and (2) possession of the antigen 
by all offspring from birds homozygous for the antigen in mating with 
individuals lacking the antigen - regardless of the stage of development 
tested. 











MILLER, W.J. and C.R. BRYAN, University of Wisconsin, 
Madison, Wis. Serological differentiation of the homozygote and 
heterozygote following a species cross in pigeons. — Following back- 
crosses to livia of the hybrids and selected backcross hybrids from the 
mating of Columba guinea and Columba livia, five antigens of the 
erythrocytes peculiar to guinea (called A, B, C, E, and F) have been 
obtained in unit form. These are produced by the action of one or more 
genes on separate chromosomes derived from guinea. Matings inter se 
among backcross birds carrying any specific antigenic substance, as 
C, have produced some individuals homozygous for that substance, 

The cells of the heterozygotes differed serologically from the cells of 
the homozygotes in that they absorbed all antibodies from anti-livia 
serum, whereas those of the homozygotes (CC) absorbed from this 
antiserum all antibodies except those for a substance in livia (called 














C') presumably contrasted to the C substance of guinea. The C’ sub- 
stance has been demonstrated in the cells of each of 68 pigeons tested 
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to date. Therefore, any anti-livia serum, or antiserum to the hetero- 
zygote, which contains antibodies to the C’ substance is a source of a 
reagent in the differentiation of homozygotes (CC) from heterozygotes 
(CC'). — By parallel procedures, it has been possible to differentiate 
the homozygote from the heterozygote for each of the other specific 
characters of guinea, A, B, E, and F, and to recognize in livia and in 
the respective heterozygotes antigenic characters A’, B’, E’', and F’ 
contrasting to each of the specific guinea substances. — The genetic 
and serological tests for the recognition of the heterozygotes and 
homozygotes are in agreement. 


MITTLER, SIDNEY, Illinois Institute of Technology, Chicago, 
Illinois. Variation in tumor formation in D. melanogaster reared on 
yeasts that do not require vitamins or amino acids. — Tu?”J“" was 
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found in inbreeding wild flies trapped in the Chicago area. 4.7% of 
the flies show an abdominal tumor if reared on the agar-cornmeal 
media innoculated with baker's or brewer's yeast Saccharomyces 
cerevisicae. Since tumor formation has been reported to be partly de- 
pendent upon the nutrition of the larvae and that the larvae must have 
yeast to grow, the larvae were reared on yeasts that require no amino 
acids or vitamins. A survey was made of yeasts that could live only 
on glucose, NH4SOq and several trace elements. Tu°9j20 was raised 
on the following yeasts in an amino acid, vitamin free media presented 
in a series decreasing in the ability to aid in the formation of tumors: 
Hansenula anomala, Pichia membranaefaciens, Candida sorbosa, 
Nadsonia fulvescens, Debaromyces globosus, Hansenula saturnus, 
Torulopsis utilis, Rhodotoryla gracilis, R. glutinis and Geotrichium. 
The flies reared on the amino acid and vitamin free media are believed 
to obtain practically all their nourishment from the yeasts and were 
tewer in number than those reared on the standard media. Also, the 
percentage of tumors was lower in flies reared on the vitamin and 
amino acid free media. 














MULLER, H.J. and J.L VALENCIA, Indiana University, 
Bloomington, Ind. The localization of the mutagenic action of neutron- 
induced ionizations in Drosophila. — The frequency of translocations 
induced by fast neutron irradiation of Drosophila spermatozoa was 
found to vary linearly with dose even at doses sufficient to produce 
multiple proton tracks per sperm. This shows that broken chromosome 
ends derived from different breaks caused by the same track undergo 
recombination with one another much oftener than with those of 
different tracks. Our interpretation is that breaks caused by the same 
track tend to occur near together, this proximity favoring union be- 
tween the broken ends. Thus the pieces would usually unite before 
greatly changing their relative positions. It must further be inferred 
that in this material a break usually occurs close to the point of origin 
of the ionization that induces it, i.e., that remote breakage effects, 
resulting from migration of ionization-induced, relatively stable 
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mutagens over microscopically appreciable distances, are uncommon. 

— Further evidence for this conclusion is provided by the finding that 
loci, like that for white eyes, which with X-rays give “visible mutations” 
seldom accompanied by a lethal effect unless there is a microscopically 
visible deficiency or other rearrangement, give with neutrons “visible 
mutations” that are usually accompanied by a lethal effect, even when 
there is no cytologically demonstrable alteration. This concatention of 
two mutagenic effects in close proximity (whether in these cases usually 
breaks or gene mutations or both is not yet decided) would result from 
the crowding of ionizations in proton tracks, provided the mutagenic 
action of the ionizations remained narrowly localized. — Work supported 
by grant from American Cancer Society. 


MUNDKUR, Balaji D., Southern Illinois University, Carbondale, Il. 
The genetics of long-term adaptation of galactose by yeast. — Long- 
term adaptation to galactose is achieved by cells of Saccharomyces 
chevalieri after a period of six days contact with the sugar. Genetic 
analysis of hybrids involving S. chevalieri has confirmed the view that 
the adaptation, in this species, is determined by a gene gg, allelic to G 
which determines a 24 hr., rapid fermentation of galactose. Adapted gs 
organisms ferment the sugar as rapidly as do cells of G genotype, but 
can frequently be de-adapted by an intervening transfer to galactose- 
free substrate and reverted to the initial 6 day long-term adapting type. 
Exceptional clones are, however, encountered which fail to de-adapt in 
spite of extended periods of growth on galactose-free substrate. The 
nature of such clones was analysed. Adapted, rapid fermenter S. 
chevalieri haploids crossed with non-fermenter (g) haploids in glucose 
yielded ascus types:- 








2G:2¢8 
2g,:28 
1G:lg,:2g 

Intra-ascus sibling crosses carried through three generations in glucose 
resulted in recurrence of these same tetrad classes, indicating that 
rapid fermenter segregant clones which fail to de-adapt and revert to 
long-term types comprise mixtures of G and g, cells. These enter into 
mass copulations with g cells to yield the three tetrad types encountered. 
The transformation of g_ to Gis mutant in nature. — In stocks of 
Saccharomyces haploids (SIU pedigrees) of composite origin, long-term 
adaptation is achieved by mutation of g cells to G. Outcrosses of such 
derived G cells to non-fermenters consistently yield Mendelian, 2 G: 2g 
asci only. 


NABOURS, R.K. and F,.M, STEBBINS, Zoology Dept., Kansas 
Agricultural Expt. Station. X-ray induced translocations among the 
chromosomes of Apotettix eurycephalus Hancock. — Three x-ray 
induced translocations among the chromosomes of Apotettix euryceph- 
alus have been manifested: 1. A portionof one of the number 1, smallest 
pair of autosomes bearing the closely linked genes for dominant color 
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patterns, O,T,G, was translocated to augment one of the middle sized, 
4th autosomes. Both the deficient donor, number lI, and the accreted 
receptor, number 4 autosomes survived for experimental breeding 

and cytologic examination. 2. A portion of a number 1 autosome bear- 
ing the gene for the dominant color Pattern W, was transferred, this 
time to enlarge the X, sex chromosome. Only the accreted receptor 
survived for breeding and cytological investigation. (nabours, Stebbins 
and Robertson, 1933, 1941, 1950). 3. In the third translocation, pre- 
viously unreported, the gene for a dominant pattern, T, also on the 
number 1, has been removed to another as yet unspecified autosome. 
Both the donor and receptor autosomes have survived for extensive 
breeding. Cytological examination is pending. This translocation has 
exhibited several aspects similar to 1, above, but also a few conspicuous 
differences. (a) No individual bearing the deficient donor, without the 
complemental accreted receptor autosome, has grown up for the 
record. (b) There have been a few instances of crossing over between 
the deficient donor, and thereby impotent autosome, and its homolog 
(bearing gene markers) which restored it in each instance to approxi- 
mate normal potentiality. This did not occur in case 1, above. (c) 
Individuals bearing a homologous pair of deficient donor, and a pair of 
accreted receptor autosomes propagated large numbers. This also did 
not occur in case 1, above. 


NEEL, J.V., LC. WELLS, and H,A, ITANO, University of Michigan, 
Ann Arbor, Michigan, and the California Institute of Technology, 
Pasadena, California. Familial differences in the proportion of abnormal 
hemoglobin associated with heterozygosity for the sickle cell gene, — 
Previous studies have revealed the existence, primarily in Negro popu- 
lations, of a gene which when heterozygous produces the asymptomatic 
sickle cell trait and when homozygous results in the clinically serious 
sicklé cell anemia. It has also been shown that in individuals with the 
sickle cell trait, 25-45 per cent of the hemoglobin is of an electrophore- 
tically abnormal type, whereas in patients with sickle cell anemia 
90-100 per cent of the hemoglobin is of this same type. The structure 
of an important body protein is thus responsive to a simple genetic 
mechanism. In the present study, seven negro families in which the 
sickle cell trait is present have been investigated by the techniques of 
electrophoresis in an effort to determine whether there are significant 
differences between families as regards the proportion of abnormal 
hemoglobin associated with the trait. These seven families, especially 
selected because of their size and the availability of both parents for 
study, contain 74 individuals, of whom 32 are known to have the sickle 
cell trait and were studied. An analysis of the variation in the propor- 
tion of abnormal hemoglobin present into two portions, that between 
members of the same family, and that between family means, revealed 
a highly significant difference between family means. This difference 
between family means is thought to be genetic rather than environ- 
mental in origin, but the exact nature of the genetic control is not 
at present clear. 

















570 


NEWCOMBE, H.B., Atomic Energy Project, National Research 
Council of Canada, Chalk River, Ontario. Sectoring in colonies from 
irradiated cells of Escherichia coli. — Colonies from ultraviolet- or 
gamma-irradiated cells of E. coli, grown on mannitol-tetrazolium agar, 
are frequently sectored for colour response. With ultraviolet doses of 
500 to 1000 ergs per sq. mm. 15 to 20 per cent of the colonies were 
sectored, and with gamma doses of 40,000 to 80,000 r 6 to 7 per cent. 
This was at first thought to be due to the presence of more than one 
nucleus in the treated cells. However, if this were the correct interp- 
retation one would expect to eliminate the sectoring by selecting the 
descendents from a single nucleus. To do this, selection for induced 
mutations to phage resistance was carried out on the mannitol-tetrazol- 
ium agar, the treated cells being allowed a short period of growth and 
then sprayed with a mixture of phages Tl and T5. Contrary to 
expectation, a proportion of the colonies arising after further incubation 
were still sectored for colour. This proportion, however, was roughly 
half that observed in the non=selection experiments. Essentially 
similar, although less extensive, results were obtained using strepto- 
mycin as the selective agent. — The sectoring which survives selection 
could be due to: (1) delayed mutation, (2) genetic interchange between 
two nuclei in the treated cell, (3) mutation in incompletely split 
chromosomes, or (4) mutation in hereditary particles other than the 
chromosomal genes. 








NORMAN, A., University of California, Los Angeles, California. 
Nuclear interactions in ultraviolet irradiated Neurospora conidia. — 
The inactivation of Neurospora conidia by ultraviolet radiation is 
apparently a consequence of the inactivation of the nuclei, The inacti- 
vation cross section per nucleus is about twice as large in uninuclear 
(haploid) as in multinucleate conidia. The smaller cross section per 
nucleus in the latter is attributable to some sort of nuclear interaction, 
— Atwood (Genetics, 35, 95 (1950)) has shown that recessive lethal 
mutations contribute negligibly to the inactivation of the multinucleate 
conidia; the inactivation must be ascribed, therefore, to some non- 
genetic process. The frequency of recessive lethal mutation is high 
enough, however, to contribute significantly to the inactivation of the 
uninucleate conidia in which, of course, every lethal mutation is 
expressed. It is reasonable, thus to ascribe the difference in cross 
sections per nucleus exhibited by the uninucleate and multinucleate 
conidia to the expression of recessive lethal mutations in the former 
and not in the latter. On this hypothesis both genetic and non-genetic 
processes contribute to the inactivation of the uninucleate conidia. If 
the hypothesis is correct, then the genetic and non-genetic processes 
are strikingly similar. Both involve the nucleus, both processes exhibit 
the same action spectrum, the effects of both are reversed to about the 
same extent by photoreactivation, and, finally, the two processes are 
not independent; i.e., the production as well as the expression of re- 
cessive lethal mutations must be supressed by nuclear interaction in the 
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multinucleate conidia, (This work was done at Columbia University 
with the assistance of an A.E.C. Postdoctoral Fellowship. ) 


PAPAZIAN, H.P., University of Chicago, Chicago 37, Illinois. 
Multiple-gene control of incompatibility ina Hymenomycete. — 
Schizophyllum is a tetrapolar Hymenomycete, having two series of 
multiple factors controlling compatibility. About 30 years ago Kniep 
recorded that new incompatibility types, besides the four expected 
ones, were not uncommon among the spores of fruiting-bodies in this 
genus. He also noticed that the incompatibility type of vegetative 
monokaryotic mycelia was stable and that fruiting-bodies obtained by 
crossing “new factors” sometimes produced the ancestral factors, he 
attributed this to back mutation at the incompatibility locus. — The 
findings of Kniep have been confirmed and from the analysis of three 
exceptional tetrads as well as other data it is concluded that the A 
series of incompatibility factors is controlled by at least two loci such 
that crossing-over between them produces a new factor in the series, 

A different allele at a single locus is sufficient to produce a functionally 
different factor, — A low, but not too low, rate of crossing-over ensures 
the maintenance of a large number of different factors in a population 
without allowing too much inbreeding. 





PIPKIN, SARAH B., School of Medicine, American University of 
Beirut, Beirut, Lebanon, Seasonal fluctuations in Drosophila populations 
at different altitudes in the Lebanon Mountains. — Seasonal fluctuations 
in Drosophila populations were observed at 6 collecting stations in the 
Lebanon Mountains. Owing to an October to May rainy season, D. 
subobscura, D. funebris, D. immigrans, D. hydei, D. buzzatii, D. busckii, 
and D. lebanonensis expanded their populations only once a year. With 
short life cycles, D. melanogaster and D. simulans expanded 2 and 3 
times a year, respectively, at certain stations. Only Ain Anub in the 
upper maritime climatic zone supported all 9 common species in more 
than minimal numbers at some time during the year. D, buzzatii was a 
common summer species at the 3 maritime zone stations, being rare in 
the temperate altitude and continental zones. — Winter dormancy at the 
4 higher stations is thought to be induced by (1) lessening of food 
supplies, (2) inability of flies to move about in search of food at 
temperatures of 50°F. or less, freezing minimum temperatures not 
being necessary. A given species reappeared following winter 
dormancy earlier in the spring at lower altitude stations and later at 
higher stations. The first spring appearance of a given species 
occurred at rather similar mean temperatures at the various stations. 
— D. simulans far exceeded D. melanogaster in numbers in 17 cases at 
a time of population expansion of one or both species, with mean 
temperatures ranging from 52°F. to 80,2°F. D. melanogaster far 
surpassed D. simulans in all 4 cases of a spring expansion following 
winter dormancy probably because D. melanogaster emerges earlier 
than its competitor from winter dormancy. 
































S72 


RAUT, CAROLINE, Detroit Institute of Cancer Research, Detroit, 
Michigan. Cytochrome deficient yeast strains. — In many strains of 
yeast apparently non-genetic, cytochrome deficient variants exhibiting 
a single strong alpha absorption band at 550 mu occur frequently 
(“petites”), A cross was made between one such strain and a geneti- 
cally controlled cytochrome deficient strain (c) which is devoid of a 
cytochrome absorption spectrum except for a barely detectable band 
at 550 mu. In an ascus dissected from this cross, the following pheno- 
types for the four spore clones were observed: (1) wild type, (2) petite, 
(3) and (4) c. When a cross was made between petite and “c” spore 
clones within this ascus, only wild type and “c” progeny were recovered 
The petite character is not transmitted through a cross, although it is 
stable throughout many vetetative generations, as reported by Ephrussi 
et al (Ann. inst. Pasteur 76, 419-443, 1949). Furthermore, crossing by 
a cytochrome deficient recessive is capable of reconstituting the normal 
cytochrome phenotype in the petites. 





RILEY, HERBERT PARKES, NORMAN H. GILES, JR, and ALVIN 
V. BEATTY, Biology Division, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee. The oxygen effect on X-ray-induced chromatid 
aberrations in Tradescantia microspores. — Comparative X-ray 








dosage curves for the various types of chromatid aberratins (micro- 
spores examined at 24 hours following irradiation) have been obtained 
following exposures of inflorescences in atmospheres of pure oxygen 
and of pure helium. A constant X-ray intensity of 300 r per minute was 
used, and four dosages were administered — between 25 and 150 r in 
oxygen, and between 50 and 450 r in helium. A linear relationship be- 
tween aberration frequency and dose was obtained for both isochromatid 
and chromatid aberrations in both the presence and the absence of 
oxygen. Aberration frequencies were higher in oxygen in both instances, 
but the magnitude of the difference was much greater for isochromatid 
types (2.6 x) than for chromatid types (1.4 x), Nonlinear relationships 
were obtained for chromatid interchanges in both the presence and the 
absence of oxygen, the exponents of the dosage curves being approxi- 
mately the same (1.7) in both cases. For equivalent dosages, chromatid 
interchanges were almost four times as frequent in oxygen as in helium. 
Experiments have also been performed on the effect of intensity on 
aberration yield in the presence and in the absence of oxygen. In oxygen, 
a constant dose of 150 r was administered in 1/2 minute, 3 minutes, 

15 minutes, and 30 minutes. In the absence of oxygen (in nitrogen), the 
same times of exposure were used, but a constant dose of 400 r was 
given in order to obtain comparable levels of biological response. There 
was no effect on intensity on the frequencies of «chromatid and iso- 
chromatid aberrations. Chromatid exchanges decreased in frequency at 
lower intensities, generally similar types of curves being obtained for 
the two exposures. The results to date of the intensity experiments 
suggest that the average restitution time for broken ends is the same in 
the presence and in the absence of oxygen, and thus support the view that 
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oxygen exerts its effect by increasing the initial frequency of breaks 
rather than by modifying the behavior of broken ends during the re=- 
covery process, 


ROTHENBUHLER, WALTER C., JOHN W. GOWEN, and O.W. 
PARK, Iowa State College, Ames, Iowa. Androgenesis in gynandro- 
morphic hone bees (Apis mellifera L.). — Large numbers of bees 
having combinations of male and female tissue have been observed in 
the progeny of certain queens of a particular strain. Experimental 
matings have been used to test the various hypotheses advanced to ex- 
plain these sex-mosaic individuals. Queens homozygous for the re- 
cessive ivory eye gene, when artificially inseminated with sperm from 
drones hemizygous for the independent recessive chartreuse eye gene, 
produce wild-type black-eyed females — both queens and workers. 
Drones from such matings are ivory eyed. Gynandromorphs, with no 
exceptions, had female facets black, and male facets chartreuse. This 
permits tentative acceptance of the hypothesis of the androgenetic origin 
of maleparts fromaccessory sperm (bearing chartreuse) knownto enter 
the bee’s egg. Another queen homozygous for ivory eyes and inseminated 
with a mixture of black and ivory sperms produced both black and 
ivory workers in a definite ratio. On the basis of the androgenetic 
explanation of male parts and the usual zygogenetic explanation of 
female parts, sex of facets and color of facets in eyes of gynandro- 
morphs would be expected to appear in all four possible combinations 
in a predictable frequency for each specific combination. Actual counts 
were in satisfactory agreement with expectation, Other matings add 
further confirmation. 








RUBIN, B.A., Brookhaven National Laboratory, Upton, L.L, New 
York. The relation of nucleic acid metabolism to the genetic effect of 
radiation in bacteria.* — Levels of continuous radiation (x-rays or 
B-rays) which rapidly kill resting bacteria (E. coli B/r) permit the 
growth of metabolizing organisms, When resting cells are inoculated 
into a fresh medium the inception of growth (lag) is delayed as a direct 
function of the radiation dose rate; but when multiplication begins, the 
rate of increase of cell mass during continuous radiation is equal to 
that in unirradiated controls and the same final culture densities are 
reached. Average cell size increases with the number of generations 
that have occurred during irradiation, but this accounts for only a 
fraction of the cell mass, the logarithmic increase in viable count makes 
up the rest. — An examination of the mutant population (resistant to 
streptomycin) in cultures which have grown from 0 (resting) to 14 
generations during irradiation indicates that the mutation rate is affected 
by the radiation dose, but not by the number of genetic reduplications 
during irradiation. Under the same conditions, changes in nucleic acid 








*Research carried out at Brookhaven National Laboratory under the 
auspices of the Atomic Energy Commission. 
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metabolism appear which are related to the extent of synthesis that 
has occurred during the irradiation. 


RUSSELL, W.L., J.C. KILE, JR. and LIANE B. RUSSELL, Oak 
Ridge National Laboratory, Oak Ridge, Tennessee. Failure of hypoxia 
to protect against the radiation induction of dominant lethals in mice. — 
To test whether hypoxia would protect against radiation induction of 
dominant lethals in mice, groups of males were: (a) X-irradiated with 
800r in air, (b) non-irradiated in air, (c) X-irradiated with 800r ina 
5% oxygen, 95% helium mixture, or (d) nonirradiated in the same 
mixture. The gas was passed through the exposure chamber for five 
minutes prior to irradiation and during irradiation in exposed groups 
and for the quivalent time in non-irradiated groups. Females fertilized 
by these males shortly after treatment were opened just before term 
and their uterine contents examined. Classifying embryos as alive or 
dead (including resorption sites) gave the following mean numbers of 
the two respective types per litter, with from 47 to 50 litters in each 
group: (a) 3.9 and 3.6, (b) 8.2 and 0.98 (c) 3.6 and 3.5, (d) 8.3 and 0.96. 
Repetitions of the experiment with 30 minutes pretreatment in the same 
gas mixture and irradiation in this or in 2% oxygen 98% helium gave 
similar results. These data give no evidence for protection by hypoxia 
against the induction of dominant letha_s to which the excess death of 
embryos from irradiated sires is attributable. This is in contrast to 
the protection against genetic damage found by others in various organ- 
isms, It is also in contrast to protection by hypoxia, in this experiment, 
against direct radiation effects on the exposed males: acute radiation 
death reduced from 92% to 0%, length of sterile period and graying of 
hair decreased. 








SAWIN, P.B. and R.H. CURRAN, R.B. Jackson Memorial Laboratory, 
Bar Harbor, Maine. Racial variation in the pattern of reproduction of 
the rabbit. — Fertility, fecundity, milk production, maternal instincts, 
growth rate, and viability are the six major factors in efficient repro- 
duction. Analysis of data gathered over the years 1948-50 on five races 
of rabbits inbred for 15-22 generations shows statistically significant 
differences in the pattern of reproduction indicating a genetic background, 
Race X has only mediocre fertility due to a large proportion of does 
which are hypogenital, a result of pituitary deficiency. It's fecundity, 
considering its body size, is good, and its milk production is normal 
and steady. With respect to its maternal instincts, it builds a pre- 
cocious but poorer nest than average and otherwise appears normal, 
Individually it is highly agressive but as a race it has only the average 
interest in protecting its young. Its mortality tends to be at a maximum 
at a later age than in the other races. Race III is outstanding for its 
high fecundity, its early cessation of lactation (which may be a contribu- 
ting factor to high juvenile mortality), and its nonagressive disposition; 
and Race V for its delayed lactation and below average interest in pro- 
tection of young. Since most of these variations are known to be 
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primarily influenced by the pituitary and sex hormones and by their 
interactions, these races afford valuable genetic material for further 
technical studies of hormone interaction and their effects upon growth 
and the reproductive process and for practical studies directed toward, 
analysis of the factors in efficient reproduction, and toward breed or 
race improvement. 


SCHWARTZ, DREW, Biology Division, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. A case of male sterility in maize 
involving gene-cytoplasm interaction. — The inheritance of a male 
sterile condition in maize was found to be conditioned by an interaction 
of three factors: (1) a dominant gene for male sterility (Ms2)), (2) a 
dominant suppressor of sterility (S“*) associated with a male game- 
tophyte effect, and (3) a specific “sterile” cytoplasm ( ) essential for 
the expression of male sterility. Male sterile plants are of the consti- 
tution - Ms ms s8@ s8*, Plants which either lack the dominant sterility 
gene, carry the dominant suppressor, or possess the nonsterile cyto- 
plasm are male fertile. Due to complete selective fertilization, the 
suppressor gene segregates only when the heterozygote, SG@ s8a, is 
used as the pistillate parent. The inbred line Kys is homozygous 
recessive for ms and s8®, All other unrelated lines studied were 
found to be Ms Ms S@? s@, 








SHACKELFORD, R.M., University of Wisconsin, Madison, Wisc. 
Color phases of the ranch=bred mink. — Fourteen mutant genes are 
known which alter the wildtype color of the ranch mink. Nine of these 
are recessive to their non-mutant allel: four produce a blue gray color, 
the aleutian (alal) being distinguishable from platinum (pp) and imperial 
platinum (ipip) which are phenotypically similar, but sometimes con- 
fused with steelblu (p’p or p’p”); three produce chocolate brown color 
phases called “brown-eyed” pastel (bb), “green-eyed” pastel (bgbg), 
and imperial pastel (bibi); the gene for albinism, cH, allows for the 
development of a small amount of pigment, while the gene o produces 
a pattern termed “goofus" which bears considerable resemblance to 
the pattern of the Siamese cat. — Five mutant genes can express 
themselves in the heterozygous state. Thus substitutions of one of these 
in an otherwise wild type genome produces the pattern color phases 
commonly known as black cross (Ss), royal silver (s**s or s**s*), 
blufrost (Ff), ebony (Ebeb and colmira (Cmcm). Several color phases 
result from the combination of two or more of these mutant genes, the 
sapphire (alalipip or alalpp) and the “red-eyed" pastel (bb bgbg) being 
of most commercial importance at the present time. 





SINGLETON; W.R., Brookhaven National Laboratory, Upton, L.L, 
New York. Effect of continuous gamma radiation on mutation rate in 
maize*. — Continuous gamma radiation from Co°Y was used in 





*Research carried out at Brookhaven National Laboratory under the auspices 
of the U.S. Atomic Energy Commission. 
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studying the mutations induced in maize pollen, The intensity varied 
from 125 r/day to .09 r/day. Four endosperm characters were studied 
R, Pr, Su and Sh, Pollen from the dominant stock A B Pl C R Pr Su Sh 
growing in the radiation field was placed on silks of a multiple recessive 
Ab pl Cr pr su sh growing in a field with only background radiation, 

— The following results were obtained, (1) There was no increase in 
mutation rate over the control when the radiation was less than 5 r/day. 
(2) Above 5 r/day there was a gradual increase up to 31 r/day with a 
more marked increase from 31 to 55 r/day. From 55 r/day to 125 
r/day the increase in mutations was even more marked, The increase 
in mutation rate at the higher intensities of radiation was greater than 
expected if the increase is linearly proportional to dose, (3) The 
logarithm of the mutation rate seemed to show a linear relationship 
with dose received, (4) The gene with the greatest spontaneous muta- 
tion frequency (R) showed a smaller increase in induced changes than 
the other three genes Su, Sh and Pr, (5) In control plots the mutations 
detected in the microspore were appreciably higher than those found 

in the megaspore. This is expected since only those mutations that 
occur at or before the first mitotic division of the megaspore mother 
cell will be detected because of the triple fusion forming the endosperm, 


SMITH, H.H., Cornell University, Ithaca, N.Y., Relation between 
sterility and morphological characters in an interspecific Nicotiana 
cross, = Interrelationships between morphological characters and 
pollen sterility were studied in the Fz and first backcross generations 
of the interspecific cross Nicotiana Langsdorffii x N, Sanderae. The 
morphological characters used were three corolla dimensions that are 
determined by multiple factors, The combination of these characters 
in F, and backcrosses gives an estimate of the genetic composition of 
a phenotype with respect to relative amounts of parental germplasms. 
Pollen sterility is both chromosomal and genic; and many factors are 
involved in the inheritance as evidenced by the continuous variation in 
segregating generations. — F, segregation did not overlap the parental 
ranges in morphological characters and no correlation was observed 
between recombination types and pollen abortion, In the backcrosses 
some significant differences in pollen abortion among morphological 
recombination types were found and there was a tendency for segregants 
most like the recurrent parent to be least sterile. The results were 
interpreted to indicate that the genetic factors causing partial species 
isolation through gamete abortion are different from those governing 
the specific morphologies, Linkages occur between the two gene 
systems. — The data supported the interpretation that gamete elimina- 
tion, as measured by pollen abortion, is relatively unimportant in 
differentially restricting morphological gene recombinations in F 
gametes and F2 segregants, 
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SMITH, W.K., University of Wisconsin and U.S, Dept. of Agriculture, 
Madison, Wisc. Chlorophyll-deficient interspecific hybrids in Melilotus, 
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— Hybrid seedlings from the cross between Melilotus alba and M, 
dentata, two species of the subgenus Eumelilotus, are almost devoid of 
chlorophyll and live only for a few days after emergence, The lack of 
chlorophyll in the F) hybrids constitutes an effective barrier between 
the species. Crosses have now been made between pairs of species 
among eight included in the Eumelilotus and reveal additional instances 
of this barrier within the genus, The eight species fall into three 
groups: Group A comprises the three species M, alba, M, polonica 
and M. suaveolens which give normal green hybrids when intercrossed; 
the four species in Group B, M. altissima, M, dentata, M. taurica and 
M, wolgica, give chlorophyll-deficient hybrids in crosses with M, alba, 
In contrast, pollinations between M. officinalis, the only representative 
of Group C, and any of the other seven species have not given hybrids. 











STALKER, HARRISON D., Washington University, St. Louis, Mo, 
Diploid parthenogenesis in the cardini species group of Drosophila, — 
Unfertilized eggs of an undescribed Mexican species of Drosophila 
related to D, cardini may develop into normal, fertile diploid females. 
This occurs in about 1/1200 of the unfertilized eggs under standard 
laboratory conditions at 25°C. Under optimal temperature conditions 
approximately 1/40 of the unfertilized eggs begin development, and of 
these 9/10 die as unhatched or newly hatched larvae. There is little 
late larval or pupal mortality, so that, under optimal conditions about 
1/400 of the eggs finally form adult females. As many as four consecu- 
tive generations of impaternate females have been produced. Virgin 
females heterozygous for a sex-linked mutant gene produce heterozygous 
and both types of homozygous daughters, It is suggested that the di- 
ploid chromosome constitution is reconstituted by fusion of second 
division products, or by an incomplete second meiotic division, The 
analysis is being continued. Four impaternate males have appeared, 
(about 1% of the impaternate progeny). A testis smear of one of these 
males shoed it to be XO; sterility of the other three suggests that they 
were XO also. — Two additional species in the cardini group: D. 
polymorpha and an undescribed species from Florida, both show some 
development of unfertilized eggs. In both of these species the phenom- 
enon is much rarer than in the Mexican species mentioned above, and 
so far no impaternate individuals have survived the larval period, most 
dying prior to hatching. 





STORMONT, C., University of California, Davis, Calif. An example 
of a recessive blood group in sheep. — Generally, the serologically 
reactive substances of erythrocytes are expressed in any genotype, 
although in the cells of heterozygotes there may be reduced amounts of 
one or both of a pair of antigens. Observations in this laboratory con- 
cerning the R-O blood-group-system of sheep are of interest in that 
they indicate the O substance is truly recessive. Previous studies by 
independent investigators have shown that two major blood groups 
called R and O comprise the R=-O system of sheep. These groups have 
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been distinguished by means of normal antibodies (anti-R) found in 

certain sheep of group O. Hence, group O has been routinely charac- 

terized by the absence of reaction with anti-R. Further, it has been 
shown that R is inherited as a dominant in contrast with its absence, 
O. In this laboratory it has been observed that certain normal anti- 
bodies of cattle react selectively with the erythrocytes of sheep of 

group O, In tests of over 100 bloods with both anti-R and anti-O 

reagents, the R and O reactions have been mutually exclusive as would 

be expected if Ois recessive to R. Further, it has not been possible 

to demonstrate O, by means of antibody~absorption, in the cells of 

sheep proven heterozygous for the two alleles. All immunogenetics 

tests to date agree with the conclusion that O of sheep erythrocytes is 

recessive to R. The only other known example of recessiveness ina 

blood-group character would appear to be the Lewis antigen of man, 


STRONG, L.C., Yale University School of Medicine, New Haven, I 
Conn, A cumulative change in susceptibility to induced fibrosarcoma 
in mice, associated with litter seriation. — In male mice of the inbred 
2Prunt descent the median latent period for methylcholanthrene-induced 
fibrosarcomas is 171 days, with probable error t 2.44 days, while in 
females it is 119t 1.30 days, Litter seriation analysis shows no 
significant trend in females (slope 0.76), but a progressive decrease 
in latent period with advancing litters for males. Males from first 
litters gave a median latent period of 223.7 days, while those from 
fifteenth litters gave 128.5 days. The trend in successive litters of 
males is a straight line with a slope of 5.8, Mice from advanced 
litters (seventh to tenth) have in turn produced offsprings resembling 
them in susceptibility. The sons of advanced litters had a median 
latent period of 148 t 5.42 days, daughters 121.0 ¢ 3.21 days. Thus a 
non=Mendelian type of inheritance seems involved in transmission of 
susceptibility to fibrosarcoma, 








STURTEVANT, FRANK M., JR., Northwestern University, 
Evanston, Ill, Studies on the mutagenicity of phenol in Drosophila 
melanogaster. — The following experimental treatments were 
carried out on the Oregon-R stock in an attempt to increase the spon- 
taneous mutation rate by the administration of phenol: male third instar 
larvae and imagos of both sexes were subjected to phenol vapors for a 
twenty-four hour period; male third instar larvae were injected with 
0.20%, 0.25%, and 0.50% solutions of phenol in Holtfreter's saline; 
fernale larvae were injected with 0.50% phenol solution; mature sperm 
were treated by administering a precopulatory douche of 0,01%, 0.10%, 
1,00%, and 2.00% phenol solutions to virgin Muller-5 females. Each 
experimental series was examined for the presence of recessive 
lethal mutations by the Muller-5 method. In no series was the mutation 
rate different from that of the controls to a degree which was statisti- 
cally significant. The reason for the failure of in vivo treatment is 
postulated to be phenol detoxication in the larva and inability of the phenol 
to reach the germ plasm during the critical physiological period. 
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SWANSON, C.P, and HENRY T. YOST, JR., The Johns Hopkins 
University, Baltimore, Md. The action of infrared radiation on the 
chromosomes of Tradescantia.* — Previous studies in Drosophila and 
Tradescantia have revealed that pretreatment with infrared significantly 
raises the frequency of x-ray induced aberrations; posttreatment acts 
similarly in Tradescantia but not in Drosophila. The hypothesis has 
been advanced on the basis of the Tradescantia studies that infrared, 
when used in combination with x-rays, raises the level of primary 
breaks, this in turn yielding a higher frequency of aberrations........ 
By analogy with certain physical phenomena such as phosphorescence 
it seems possible that infrared might act by raising the molecular 
structures of the chromosome to a metastable condition, in which state 
these structures, as yet unidentified, react with increased frequency 
to subsequent doses of x-rays. This was tested by subjecting infrared- 
treated buds to heat shock (48°C. for 30 sec.), a treatment designed 
to return a metastable state back to an original ground state. We have 
shown that such heat treatments, interposed between infrared and 
x-rays, remove the infrared effect, the chromosomes behaving to 
x-rays as though no infrared had been given. A similar effect was 
obtained when the order of treatment was x-rays = heat - infrared, 
From these two types of experiments, plus additional studies which 
revealed that the effectiveness of infrared was a function of the tem- 
perature of the buds at the time of infrared treatment, we have con- 
cluded that the primary action of infrared is to induce metastable 
states in the chromosomes. Such chromosomes react more readily 
with the free radicals released in the surrounding area by the ionizing 
radiation to yield a higher frequency of primary breaks per given dose 
of x-rays. The fact that the heat treatment can also prevent the 
action of infrared when infrared is given as a posttreatment to x-rays 
suggests that the x-rays induce, in addition to the usual visible alter- 
ations, a reservoir of loci which can be acted upon by the infrared and 
brought to the level of primary breaks, after which they can enter into 
recombination with other similarly broken ends, Whether these loci 
are to be considered incipient breaks, metastable states of a high 
reactive capacity, or some other category of change, is not clear at 
the present time. Heat shock, however, can eliminate them as a 
source of primary breaks, and subsequent doses of infrared can no 
longer affect them. 














TAYLOR, J. HERBERT, University of Tennessee, Knoxville, 
Tennessee. Chromosome structure and behavior in relation to gene 
action, — In both fixed and living material, chromomeres are shown 
to be expressions of spiral structure, a bonding of certain adjacent 
gyres of a spiralled fiber. Comparisons of spiral structure during 
meiosis and mitosis in cultured anthers reveal that major spirals of 
meiotic metaphases and the standard spiral of mitosis are quite 





*Supported by a grant-in-aid from the U.S. Public Health Service and a 
contract with the Atomic Energy Commission. 
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similar. Each is superimposed on minor spirals that differ in degree 
of tightness (compactness of gyres of less diameter), This is re- 
flected in differences in major gyre diameter and number. Chromo- 
somes are always spiralled to some extent and the minor spiral is 
present at all stages of meiosis. Diplotene begins with its tightening 
in a characteristic pattern along the chromosome, The resulting 
torsion produces relational coiling and the major spirals. The 
tightening of the minor spiral is postulated to result from rearrange- 
ments of a subminor and a fourth set of spirals of the ultimate nucleo- 
protein fiber which would be about 200 times the length of an anaphase 
chromosome. The chromosomal cycle is characterized not by a con- 
tinual unwinding of spirals, but by reversible changes in the tightness 
of spirals of variable character along the length of the fiber. These 
changes in spiralization, although influenced by the intranuclear 
environment, reflect structural differences along the length of the 
fiber which differentiate it into genetic loci capable of acting as tem- 
plates for their own reproduction or for protein synthesis. In the 
tightly spiralled stages of division or in the chromomere condition of 
some resting stages these syntheses would be very limited or absent. 
Such a concept helps explain the inactivity of certain genes during 
stages of ontogeny, the position effect and unstable genes associated 
with heterochromatin, and makes other position effects, mutations, and 
the evolution of new genes as simple to explain as chromosomal 
aberrations, 





VALENCLA,, J.L and J.T. MCQUATE, Indiana University, Bloom- 
ington, Ind. A cytogenetic analysis of 70 ultraviolet-induced X- 
chromosome lethals in Drosophila. — Seventy ultraviolet-induced 
lethals, obtained by McQuate from irradiations of mature sperm which 
produced more than 1.3% lethal mutations, were approximately local- 
ized by him by means of crossover tests, and the appropriate regions 
of the salivary chromosomes were then studied by Valencia. Three 
cytologically visible chromosome rearrangements were found: (1) an 
X-3 translocation that reduced crossover frequency and that had 
its lethal effect at or near the point of translocation but involved no 
detectable deletion, (2) a deletion of about 18 bands, and (3) a moder- 
ately small non-lethal inversion, with a separable lethal in the same 
chromosome, — Evidence of decidedly non-random distribution of the 
mutagenic effects among the treated individuals was found in the fact 
that the translocation and the deletion, as well as a third letha, were 
all found among the 47 tested daughters of a single male, which also 
produced a son having a deletion in its treated y>,Y1 chromosome, and 
that among the 29 tested daughters of the male which produced the in- 
version with its separate lethal, two other lethals were found, — These 
results, taken in connection with those previously reported by McQuate 
(these Proceedings, 1950), indicate that ultraviolet can induce, in 
Drosophila spermatozoa, breaks capable of recombination, However, 
a dose of X-rays of the same lethal-producing effectiveness would 
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probably have induced many more chromosome rearrangements. — 
Work supported in part by grants from American Cancer Society and 
U.S. Public Health Service, 


VETUKHIV, M., Ukrainian Academy of Arts and Sciences, Inc., 
New York, N.Y. The factor of natural resistance to Tbinaminals. — 
The study of factors which cause the various degrees of natural re- 
sistance to tuberculosis in animals is a very important problem. One 
of the known factors is Ca-metabolism. — My research of the cattle 
showed: the breeds which originated in those districts where condi- 
tions encouraged good Ca=metabolism as a constitutional factor show 
better resistance to tb; (black soil districts, the ground water con- 
taining Ca, climate assisting better metabolism). — The young animals 
till the age of lactation or fecundation, when the Ca-metabolism changes, 
react to the infection in different ways, Under the same living condi- 
tions and the same possibilities of infection the young cattle showed 
6% of positive reaction, but the grown-up animals gave 60%. — Studies 
of mice under the condition of experimental tb innoculation with the 
same doses and from the same stock of bacilli showed that death oc- 
curred much more often among the mice having poor Ca=metabolism 
than among the mice for which the Ca-metabolism was artifically 
heightened, 





VICARI, E.M., R.B. Jackson Memorial Laboratory, Bar Harbor, 
Maine, Relation of epinephrine to the genic expression of fatal con- 
vulsive seizures in mice, — The optimum physiological threshold, 
for the onset of fatal convulsive seizures, induced by sound of 80-90 
decibels, was found to be at the age of 25-34 days for the DBA inbred 
strain of Mus musculus, In an attempt to locate the underlying cause 
of the onset of convulsive seizures a series of compounds were used 
to protect the animal from fatal seizures at the most susceptible age. 
From a group of ten compounds epinephrine was found most affective 
in its protective prevention of fatal seizures, not only did it prevent 
death after seizures but also prevented the onset of convulsive sei- 
zures, — Around 350 animals of ages 28-34 days were used in this 
experiment. The smaller doses produced a 90 per cent protection up 
to 12 hours after treatment and after this the protection gradually de- 
creased. The larger doses however were still highly protective at 
24 hours, 











WALSH, M.P., Boston College, Chestnut Hill, Mass, Chromosome 
variations in Lumbricus terrestris. — All the various criteria that 
have been used to establish the existence of polyploidy in cells were 
used in this study. No multiplication of chromosome sets beyond the 
diploid number was observed in the sex cells of the testes and seminal 
vesicles, Nothing like the polyvalent spermatogonia, spermatocytes 
and giant spermatozoa that have been found in a few other closely re- 
lated species were found in this species, The variations in the size of 
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nuclei and nucleoli that were seen might be due to the physiological 
conditions of the particular cells in question and not to polyploidy, 
This study would seem to substantiate White's statement that polyploidy 
plays a very small part in the evolution of chromosomes of herma=- 
phrodites. — As in other hermaphroditic groups like the cestodes and 
trematodes, variations due to aneuploidy and especially to the addition 
of single chromosomes were found in Lumbricus terrestris, Eighteen 
was the haploid number general'y observed in the first meiotic meta- 
phase plates and 36 was the diploid number in the spermatogonial 
divisoins, There were, however, a number of first meiotic plates that 
showed 17 or 19 tetrads and a number of spermatogonial divisions that 
showed variations from 34 to 38 chromosomes, The haploid number 
16 has been established by other investigators for species of oligo- 
chaetes closely related to Lumbricus terrestris, — Non-pairing of 
homologous chromosomes which was witnessed frequently may account 
for the unequal distribution of chromosomes in anaphase so that one 
daughter cell receives both univalents, Although it is difficult to be- 
lieve that polyploidy is important in the evolution of chromosome com- 
pliments in the oligochaetes, further investigations might indicate that 
polysomy has played a great part in the speciation of oligochaetes as 
it has in some other hermaphrodites, 











WER, J.A., University of Kansas, Lawrence, Kansas. Ruby- 
spotted, a new recessive mutation in the house mouse, — The muta- } 
tion first appeared as 3 piebald-type white spotted mice in a litter of 
10 in the non-inbred MacArthur strain. The parents, which were 18% 
related, were ccDdBbata?o" and CCDdbbata?? . The gene has proven 
to be recessive with belly spots sometimes evident in heterozygotes, 
Both eyes are ruby in all homozygotes but there is no diluting effect 
on black or chocolate coat colors. Incisors erupt normally but mice 
fail in condition at about 20 days and die at weaning. Attempts are in 
progress to determine the nature of the pleiotropic syndrome and to 
prolong life of affected individuals, The mutation may have occurred 
before the strain was obtained 7 generations previously. Pygmy and 
an obese condition have also appeared in the MacArthur strain, 





WHITE, M.J.D., University of Texas, Austin, Texas. Super- 
numerary chromosomes in the Trimerotropine grasshoppers, — 
Supernumerary chromosomes have been found in ten species of Trim- 
erotropine grasshoppers, In each species their frequency varies from 
one population to another, and may be zero in certain geographic areas, 
Three cytological types may be distinguished: acrocentric super- 
numeraries, isochromosomes and a type which is interpreted as an 
isochromosome with a large interstitial deletion in one arm (the last 
type has only been found in Trimerotropis inconspicua), In Trim- 
erotropis sparsa, where both acrocentric supernumeraries and iso- 














chromosomes may be present in the same individual, no pairing be- 
tween them takes place, although two acrocentries will regularly pair 
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to form a bivalent and two isochromosomes may do so (more fre= 
quently, the isochromosomes form univalents with a single chiasma 
between their arms). The lack of pairing between the two types of 
supernumeraries suggests that an acrocentric supernumerary is not 
simply equivalent to one arm of an isochromosome, All three types of 
supernumerary are largely heterochromatic, but contain interstitial 
euchromatic segments. Chiasma formation is apparently restricted to 
these euchromatic segments. The role of the supernumeraries in 
most populations is interpreted as an adaptive one, small numbers of 
supernumeraries being probably beneficial to the individual carrying 
them, while larger numbers are presumably deleterious, Such an 
interpretation is difficult to accept, however, in the ease of a popula- 
tion of Trimerotropis gracillis, where the supernumeraries occur in 
less than 0.5% of the population, 





WITKIN, EVELYN M., Carnegie Institution, Cold Spring Harbor, 
N.Y. Nuclear segregation and delayed expression of induced muta- 
tions in Escherichia coli. — Populations of strains B and B/r of E, 
coli were found to have different ratios of uninucleate to multinucleate 
cells at different stages of the culture cycle, A correlation was found 
between these ratios and the ratios of intact to sectored lactose- 
negative mutant colonies obtained on eosin=methyleneblue medium 
after ultraviolet irradiation, This was interpreted as evidence that 
nuclear segregation from heterocaryotic cells is primarily responsible 
for sectoring. It was shown that sectors can arise also by mechanism 
other than nuclear segregation, in experiments in which irradiated 
populations were plated on EMB, permitted to undergo several divi- 
sions, and then sprayed with bacteriophage Tl. Phage-resistant mu- 
tants obtained on these plates are presumably derived from single 
nuclei, and should exhibit no lactose-negative sectors if the latter arise 
only by nuclear segregation, A small number of sectors was found in 
these experiments, as well as in parallel experiments in which an 
irradiated population of a streptomycin-requiring strain was plated on 
EMB, and screened for lactose-negative, streptomycin-independent 
mutants. Sectors obtained in the double-screening experiments could 
be due to: 1) segregation of extranuclear particulate units, 2) delayed 
mutation, or 3) genetic exchange between nuclei, chromosomes or 
strands. Analysis of these results indicates that phage-resistant and 
streptomycin-independent mutants also occur as sectors, and that 
physiological lag cannot entirely account for delayed expression of 
these mutations, The frequency of double mutants was found to be 
greater than would be expected by chance, 







































INFORMATION FOR CONTRIBUTORS 

Contributions to GENETICs may be in the field of genetics proper, 
or in any scientific field, if of such a character as to be of primary 
genetic interest. 

The length of manuscripts will be limited to twenty-five printed 
pages (about twelve thousand words) except by special vote of the 
Editorial Board. In case unusually extensive tabular matter cannot 
be printed, it will be kept on file on request, provided two copies 
are furnished by the author. 

The Galton and Mendel Memorial Fund established in 1923 from 
donations of biologists and other persons interested in the progress 
of biological discovery is available to cover the cost of reproducing 
colored and halftone plates and of printing expensive tables. 

Authors should prepare their manuscripts so as to conform to the 
general usage in GENETICS, particularly in regard to references to 
literature, arrangement of “ Literature Cited ” and inclusion of a 
summary. In case of ““ Acknowledgments,” these should follow the 
“Summary.” Footnotes should be avoided in the text whenever 
possible and their content be inserted, in parentheses, after the ap- 
propriate sentence. Footnotes to tables should be marked with an 
asterisk, dagger, or other symbol so as not to be confused with the 
figures in tables. Legends for figures and plates should be type- 
written separately from the illustrations. In addition to the original 
illustrations photographic copies should accompany the manuscript. 
Tables also should be type-written separately. The metric system 
should be used whenever possible. 

Galley proofs and page proofs will be sent to authors, except in 
case of authors resident overseas who, in general, will receive galley 
proofs only. Authors should leave forwarding directions whenever 
they are to be away from the address sent with the manuscript. 

Genetics furnishes 50 reprints, without covers, free. Covers and 
additional reprints may be secured at cost. 

Manuscripts and editorial correspondence should be addressed to 
the Editor of GEeNeETics, Department of Zoology, University of 
California, Berkeley 4, Calif. 











GENETICS Vol. 36 No. 5 


SEPTEMBER, 1951 





CONTENTS OF PRECEDING ISSUES 


JANUARY, 1951 


Davis, BrapLey M., Eduard Strasburger. 

Dunn, L. C., and S. GLUECKSOHN-WAELSCH, 
On the origin and genetic behavior of a 
new mutation (#%) at a mutable locus in 
the mouse. 

Pavan, C., A. R. Corpemo, N. DoszHANskY, 
Tu. DoszHaNsxy, C. MALOGoLowkin, B. 
Spassky and M. Wepet, Concealed genic 
variability in Brazilian populations of Dro- 
sophila willistoni. 

Wuire, M. J. D., A cytological survey of 
wild populations of Trimerotropis and Cir- 
cotettix (Orthoptera, Acrididae). II. Racial 
differentiation in T. sparse. 

Rutman, Rosert J., The inheritance of rates 
of methionine incorporation by rats and the 
relations to growth. 

GarpNeR, ELpon J., and Geratp H. Srortrt, 
Genes producing a maternal effect and 
modifiers of tumorous head in “ wild” and 
tumor bearing stocks of Drosophila melano- 
gaster. 

Neer, James V., and Mary M. Hanic, The 
inheritance and frequency of the MNS fac- 
tors in the American Negro. 

Betramy, AxsertT W., and Marion L. 
Queat, Heteroso-nal inheritance and sex de- 
termination in [latypoecilus maculatus. 


MARCH, 1951 


Beaupry, J. R., Seed development following 
the mating Elymus virginicus L.x Agropy- 
ron repens (L.) Beauv. 

StorMONT, CLypE, R. D. Owen and M. R. 
Irwin, The B and C systems of bovine 
blood groups. 

NeEtson, THomas Currrorp, Kinetics of ge- 
netic recombination in Escherichia coli. 
Yost, Henry T., Jr., The frequency of X- 
ray induced chromosome aberrations in 
Tradescantia as modified by near infrared 

radiation. 

Crarx, A. M., and C. J. Mircrerr, Gene 
dosage relations for haploids and diploids of 
Habrobracon. 


SHENG, T. C., A gene that causes natural 
death in Neurospora crassa. 


MAY, 1951 


Hutt, F. B., Lethal action of the gene for ex- 
tension of black pigment in the fowl. 

HauscHka, THEODORE S., MARGARET B. 
Goopwin and ExizaBeTH Brown, Evidence 
for a sex-linked lethal in the house mouse. 

CastLe, W. E., Variation in the hooded pat- 
tern of rats, and a new allele of hooded. 

Novitsxt, E., Non-random disjunction in 
Drosophila. 

Boac, JoHn W., On the interpretation of the 
dose-frequency curve in radiogenetics. 

Levitan, Max, Experiments on chromosomal 
variability in Drosophila robusta. 

SNELL, Georce D., and Georce F. Hicerns, 
Alleles at the histocompatibility-2 locus in 
the mouse as determined by tumor trans- 
plantation. 


JULY, 1951 


Scott, Donatp H., Cytological studies on 
polyploids derived from tetraploid Fragaria 
vesca and cultivated strawberries. 

WHITTINGHILL, Maurice, Some effects of 
gamma rays on recombination and on cross- 
ing over in Drosophi lanogaster. 

HERskowiTz, Irwin H., The genetic basis of 
X-ray induced recessive lethal mutations. 

Wattace, Bruce, Dominant lethals and sex- 
linked lethals induced by nitrogen mustard. 

Barton, Donatp W., Localized chiasmata in 
the differentiated chromosomes of the 
tomato. 

Komal, Taku, and Yasust Hosrno, Contri- 
butions to the evolutionary genetics of the 
lady-beetle, Harmonia. II. Microgeographic 
Variations. 

Green, Eart L., The genetics of a difference 
in skeletal type between two inbred strains 
of mice (BalbC and Cs7blk). 

Soost, Rospert K., Comparative cytology and 
genetics of asynaptic mutants in Lycoper- 
sicon esculentum Mill. 








SINGLE NUMBERS $1.50 


ANNUAL SUBSCRIPTION $8.00 


obtainable from 


GENETICS, INc., GENETICS BLDG., UNIVERSITY OF WISCONSIN, 
MapIson 6, WISCONSIN 








